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The ERIC iClearlnrghouse for Mathematlqi , and Envlronm^nti 

Education has cjooperated with the National Association f or .Reseairch 
in Sc^en(ie .Teaching to provide abstracts of most, of the papers J^re- 



^seated ati the annual conference in ^oston^ Mafl^sachusettsr, April/' II 

■ W 

td i:^ 1^80. ^ — 



All persons who had papers or symposia accepted were invited /to 

• • * 7 

submit abstracts for inclusion in thl)s pu|>Iicat ion . Sdme edlti«|g 
was dond by the ERIC staff to pjrovide a gehetal format for tjfne 
abstracts. Special recognition should be given to Dr, Stanley Helgesbn 



and the NARST Program Committee who obtained the abstracts 
Ized the prqgcj^m. 
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Many of the paj^ers will be published in journals or be mad 



and organ- 



t avails- 
able through the ERIC system* These will be atinqunced thr3bgh 
Resources in Education ^ Current Index to Journals iti , Educgtton and 
othfer publications of the ERIC system. 
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CONCURRENT SESSION A ,and B 



Session A-1 and B-1 , Techniques and Procedures of Research 



Topic: Applying and Interpre^ng the Results 

pf Meta-^Analysis Procedures 



Russell H. Yeany, Jr. 



University of Geprgla 
Athens y GA 30602 



Recently, statistical analysis techniques lor condensing and^syntheslz- , 
iag the results* of a large sot of empirical studies into an In trerpre table 
fop6i have been developed (Glass, 1978). These procedures have been 
tabled fts ©eta- analysis and ate quickly gaining favdr as a means of 
making sense of the varied results Usually- ^present when <5ne examines 
numerous s-tudies on a ,3 ingle topii^ ^ Meta-analysfB techniques c^n be 
grouped Into two families. One is ^em^loyed pfimarily/tor^'experimentar 
studies where treatment "effect sizes*' aref' calculated and analyzed/ 
The second is us^d to synthesize the results of correlational studies. 
I^ the latter case, ''correlAtiom coeiffcient . conversions" are calculated 
hnd synthesized into mean correlation values. Both ptocedures are 
applicable tp lai*ge bodies of accumulated science education research. 
(The purpose of this proposed training session is to acquaint NARST mem- 
bers with the procedures, to assist them in interpjre t ipg the results of 
published meta-analyses , and to facilltAe the acquisition of the skills 
required to conduct the two types of meta-analysis. 



Referenbces ' V 

Qla^s, G* V Integrating findings: The meta-analysis of research, 
f In Shulman, L.^'(Ed.). Reyiew of Research in Education . Ita3ca,' 
Illinois: Peaoock Pu^tishing, 1978. 

' In this^chapteV, Glass expanded and mo re^ttio roughly 
^ presented , meta-analysis procedures. 
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RESEARCH APPROACHES FOR ASSESSING ENERGY 



EDUCATION ISSUES 




Helen Loughner 
Gabriel M. Ziccarelli 
George A. Lednew 
DaVid Carbonara 

University of Pittsburgh 
Pittsburgh, PA 15260 



This will be a symposium on research methodology with emphasis on 
new approaches for obtaining and analyzing information in milking 
decisions for developing energy education curricula. Mt caji be 
argued that, unltke the Pos t-'Sputnik science curriculuR movement, 
there are different forces influencing energy education, curriculum 
movement, evaluation, and subsequent implementation. An aiin oi? 
this symposiuin is to characterize these "forces, as manageable data, 
and to demonstrate innovative research techniques for obtaining 
direction in approaches to decision making. 

Th^ panel qf fotfr li^esearchers for this symposium has developed 
innovative approached toT^lnves tlgattng , collecting and analyzing 
^data on the topic. These will be dempnstrated with a da-ta bank of' 
over 700 variables for the social environme.nt , family' background , 
dogmatism, mental development, leisute interests and pursuits, 
intellectual ability, achievement, ^erbal and figural scientific 
reasoning ability, energy concept learning ability, and information 
processing capacity of senior high students from schools of two 
different demographic districts. Thesei data are of a longitudinal 
study for measuring changes of opinions\toward energy situations 
occurring in the pa$t two years. 

There is evidence that force<5-choice pollsVon social issues inade- 
quately measure opin'ion. Face-value verbalX statements are known' 
to have greater validity In expressing opinrons but heretofore coul 
^i^t be treated because of limited computer capacities. Character-' 
string programs for obtaining frequency traits of words used in 
opinion statements will be described in^ the* syn^posium. 

The 's&me string techniques are iTSed in measuringX frequencies^ of key 
terms in newspaper and magazine re]5drts on energjK events occurring 
at the time that stiidents expressed their opinions of the problem? 
^ trend analysis model fof weighting th^ese opinion\measures will 
be described by the paqel. ^ 



Th0 jtudent opinion dtat^m^inta and^* those of iri^c^la fi^^l^ts are .tt^atad 
witn^a model for qi^antifying t!h6 sequent lal* structure erf: ke^^ words * 
and all the words of passages. Analyses obtained from multtdiwenslGrt- 
al scaling of these data and those of f requ«n<:leai/^ o^^ th<5 statement : 
words will be presented, • • .,.\" - 



The results of these innovative methodologies wi,H be presented 
as outcomes of hierarchical, taxonomic, factor and discririiinant 
analyses. 



THte IMACE OF the' SCIENXI^f REVISITED 



Jo9eph G. Krajkpv:^,ch^ " ' * 

Kdlson' Township' Pub Ii*c Schools.^ / \^ i 

Edison, NJ.08817 ^ - - , - 



^iri 1956, the Anj6rl,can Association for the Advawcfement of Science 
(AAAS) conducted a nationwide survey in orde^r to detct^lne th^ 
image of science ahd scientists as held by secondary s'^hQoViljlp- 
dents .(Mead and Metraux, . lSt57) , What t;hey found was quite -disturb- 
ing. Although t^her^ were positive things to be said) the students* 
image of .scientists was stereotyped ^nd rather negative, p^rtijcular 
ly when personalized as in a c'ar^ijj^ or marriage. 

The timing. of the Mead and. M^traux sturdy was of particular interest 
since it )ust precedjed the science curriculum"5odm.*' One of the 
often repeated objectives of the Inquiry-rype curricul^i vas to. ^ 
nurture a positive attitude toward science. ^ The qu/estion raised, 
therefore, was --'^Did the twenty year period since t>te AAA^^study 
^affect the sciehce attitudes of secondary school students? 

Six hundred eighty-three subjects participated in the study* 
Twenty- five sub'jects were interviewed, 18^ submitted written nar- 
ratives and 470 student^ (7th to 12tK grades) completed the Image 
of Science and ^Scientists Scale (Krajkovich, 1978^. 

c * 

,>The results indicate that students today respond similarly' to 
inquiries coacerning the image of the scientists. The same 
ambigqity remained, in that, on one hand scientists were thought 
to be intelligent, hard working and humanitarian: but at the .same 
time they worked in jobs that were dangerous , ^ tedious and time 
consuming. Furthermore, the vast majbritfy of students neither 
wapted to be a scientist ^ nor marry oyne. * 

Further simliarities were uncovered when responses were analyzed 
•according to gender. There was no significant difference between 
males and females in their overall attitude toward science as ^ 
measured by the Image x>f Science and Scien^tists Scale* However, 
an item analysis indicated that females answered items with human- 
istic oVjertones more .positively , and males answered items that 
referred to the adventure of science more positively* This is^ 
also consistent with the findings of Mead and Metraux. 



Refe):ence8 



Krajkovlch, J, G The development of a scian ce 'attitude ^n$tru- • 
ment and an examination of t^e rela.tionshljjs among science 
Uttltude, f lel^-dependente and' aciei^ce achievement. Uapub- 
liahed doctoral dIsseKtAtlon ; Rutgers JJnlveraity , 1*978. 

Mead, M. ^nd Meti^aux, R. Image of ' the sclrfrftiat hmong figh school 
students. Syclence , August, 1957, 126, 385-390. 
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AR. INVESTIGATION'OF THE RElAMON^HfPS BETWEEN 
. STUDENTS' DEGREE '(XF OPENMlNDEDNfiSS AND THEIR 
. ' PEkPORMANCE IN MENTAL OPERATIONS 



Pastor R. Rojak 
Nlnoska R. Rojaa 

University of Pittsburgh, 
Pittsburgh, PA 15^13 



Science. teaching objectives related to major soqlal problems, 
suc|i as environmental education, have been incorporated into the 
regular school curriculum in an attempt to cope with ecological 
crises. The emphasis la this endeavor has be^n placed mainly 
in cognitive aspects of scientific issues related to the environ 
ment , and -little atpterltion has been paid to the students' affect 
ive domain, their syst;eftis of values and beliefs, which direct 
their deslre^-^d wo:k. The affective domain ha? also been neg- 
lected when diagnosing for th^^---erv^^nment of science subjects 
to students. 5 * * , . 

^ ♦ 

Dogmatism, or degree of openmlndedness , is one of the aspects of 
the affective domain that may have influence on the attitude 
of; students toward science instructlon'Velated to major social 
|>robrems. -^In the study of dogmatism, no significant 'relatTbastp 
Mas been, found with mental ability. The* relationship between 
scores from the American Council on Education and the Dogmatism 
D-Scale scores, ftave been found to be essentially zero by 
Chrlstensen (1963); this finding supported Rok^ach ' s contention 
(1960) that Intelligence and domatism ar^k^ not correlated • Jack- 
son and Strattner ^1964) reported ' that dogmatism an<J reterftive 
learning are negatively , correlated . Research with high school 
students; grade levels seventh through twelfth,, has produced 
slight negative correlation between education-age and dogmatism- 

This investigation was to explore the influences that the degree 

of openmlndedness may have in the mental maturation of students 
as an effort to find an approach that could lead to b better 
understanding of the m^turational process , ^ rn order to plan ^nd 
conduct science ^nstructidl^^ 
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Dat!a ware collected from a sample bf 188 9^udent», grade levels 
seventh and eighth (mean age 14 -2) living in the suburb? o^ 
Pittsburgh, Pennsylvania., Students were given the forty Item 
E-form of Rokeach's Dogmatism Schle (1960), the Plagetldn type, 
battery (Moser , .1975) > and the Shlpley\teat oa abstract reason- 
ing (1940). Total scores and subscoifes for mental operations 
(seriatj-on, correspondence, reversltlvlty , tjraaaitlvlty ^ class 
inclusslon', add-substract > transformation , hor^-tontal 4Ctla,ssl^lca 
"tlon, and multiple classl f Icat i on) w^re developed from Shl-pley' s 
test, and from the Plagettarn type battery. Fr<?m the E-Form a 
total score was .develd|>€id , and also sub^cores for* the categories 
.e^tabllsheU* by Rokeach. ^ ^ 

For the statistical analySli, the BMt)PlM, Cluster Analysis, and 
the BMDP2R, Stepwise Tlegve the UCt/V Health 

Sciences Computing Facility (Dixon, 1975) were used. 

The major findings were: ' ' ^ 

1) Degree of openmtndedness Is negatively correlated 
1-0.3231; p * .01) with Plaget's total spores', and 
positively correlated (0.3056; p .01) with Shipley's 
total qcores • . ^ ^ ^ 

2) Transitivity (Shipley), serlatton (Plaget), hdrlzontal 
classification (P), and multiple classif lea ti;6i1}^^ (P)> 

'accounted for 44,947o Of the variance of total -dpgma- ' 
cis\n score in the regression nJodel; F 33.57; and 
DF - 4/183. . 

3) Transformation (S)» serlation (P), horizontal classi- 
fication (V) y and multiple classification, accounted 
for 64*.227o of the variance of the subscore '^tendency 
to make^ a part line change"; F 88.12; DF « 4/18^. 

> ■ ' 

Serlation (S), serlation (P^ , corresponden ce -^(P) , 
transitivity (P), *cl^ss inclusion (P) transformation 
(P), an4 muiytiple classi f icat ion (P)> accounted for 
72.65% oif the variance of the subscore "change in 
peripheral beliefs following a change in intermediate 
tfeliefs"; F « 68.32; DF - 7/180. 

• ' - — ' 

^ 5) Serlation (P) , correspondence (P) , transitivity (P) , 
and multiple classification (P), accounted for 33:607o 
,pf the variance of the subscore "attitude toward^^ the 
past, present, and future; F « 23.15; DF « 4/183. 

6) Multiple (Classification (S), serlation (P) , horizontal 

classification (P), dnd multiple classification (P) 

Accounted for 48-717o of the variance of the ,subscoi*te 

'•knowing the future"; F - 43.44; DF - 4/183. 




^VaXues for the correlations of the mental operational in the 
regresiion equatio^na^ were alvay9 significant at the ,01 lev)»l. 

The discovery t\\at dogmatlam total score ^nd subscores can b"e 
predicteci fr^om 'performance in mental !*peratio-n, in an important 
cortt^rlbution £<Jr^ the (liagnosis .x>f atiidiints difficulties in their 
^iT\aturation proces^ fdr tlte understanding of^ students * affective 
domain, and for Jme planning aqd cqndu^tion of science in8truetior\. 
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Rationale for the 'jtudy 

A comprehensive National Survey of Science, Mathematics and ^ 
Social Studies Education (Weiss, 1978) -^ound that the dissemina- - 
tion oT inf orniat ion concferni«g^ tbye new*curricu projects in 

science initH^ally ,funded atj^d supported by the National Scieace 
Foundation has not been highly successful. Many common factors 
wer<^ found to be serious barriers to affective science instruc- 
tion. In addition, the time spent teaching elementary science 
was low. Although the, report by Weiss provides much useful and ^^"-^ 
somewhat alarming information about element ary'^9cience instruc- 
tion across the nation, derailed information concerning indivi- 
dual statewide elementary science teaching practices aVid infor- 
mation needs to be*^ surveyed an<l disseminated. I 

To m6f«t this need 1^ North C^rSlina', an informafcldn dissemination 
and survey study project was designed to: ^ 



1) inform key science petdonnel about the yarlous options 
and teaching methodologies and research available 

in elementary science instruction; 

2) survey local key personnel concerning elementary 
science instruction; and , ' * , 



3) survey inservice teachers concernina^lementary 
sci eace instruct i on . * X - ' 



Methodology and Design ^^ . * 

North Carolina ha 9 145 local educat tonal agencies (LEAs) contained 
within eight regions ^of the State, Eacii LEA is served by educational 
personnel in the regional education center* ^, 



i^PooJect stflff traveled across the state ea\h res|lonal educa- 
tional center and put on a two-day Awareness Conferi^j^ to Irfform 
key 8cience\;per:sonnei froim each 'LEA withtil the region^ about, 
eiertentary scleAce instruction. Administrative, and teacher 
questionnaires were dlstrll;»uted at. ^ach conference. Administra- 
tors filled out t^he questionnaire at the conference and then 
passed out thejteacher questionnaires to two. el^enfary teachrirs 
in apch LEA following the cdnfei*enc^. . A foMov^up conference 
was then hold to assess the results and of fer- suggestion^ for 
the improvement of elementary science^ instruction in North 
Carolina- .^fj- „ • ' ' * 



inftruments and Data ^ '^^■■r"' 

The questionnaire developed for the survey was aimed ^t assessing.'J^. 
the coifcnon practices, problems and .areas q£ difficulty faced by 
teachers of elementary science in North Carolina, The 64 item 
questionnaire was analyzed by rank ordering a re i^!^. 5^0 f difficulty 
and most cqmmon teaching practices. Amount of tilfije spent teach- 
ing science was the average time Indicated by all returned ques^ J 
tlonnalres. Percentages were used to detennine type of program 
in use 'and grade level taught. Responses Were anlyzed f(jjd com- 
puted for .each educational region and then totaled to obtain 
statewide results. 



Results and Conclusions \ 

The survey represented the most indepth study in elementary science 
instruction ever underta^ken in the state of North Carolina. During 
the eighteen month .ptoject a total of 891 teachers and 142 admini- 
strator's from the eigUt edu^tional region^ .responded to the ques- 
tionnaire.. The lack of supjilles and equipment, insufficient funds, 
inadequate room facilities and textbook too difficult for students 
were the leading factors affecting the teaching of elementary sci- 
ence. Lecture/discussion was the mos t prominent means of teaching 
with over 85% of the teadhers. using a textbook to teach, science ♦ 
A more 'detailed report of the results of the project can be obtain- 
ed by writing 'the authors. ^ 

The follow-up conference df leading science educators of the state 
. fbrmulated a comprehensive list of needed changes and proposed 
new directions for elementary science instruction in North Carolina 
foV the^decade of the •80^s. • ^ 
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CONCURRflNT SESp^ON A and B 
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Topic:-. 



A Quantitative Procedure for Treatment Verification 

in Science 
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This session will train participants in the use o^E^a procedure to 
verify if there has actually b6en statistically significant differ- 
ences between two teaching methods as a means for arguing that the 
difference in methods was actually responsible for experimental ^ 
differences in student achievement. Participants will process 
actual data and reach and discuss their own conclusions. 
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THE RELATIONSHIP OF COGI^ITIVE LEVEL FUNCTIONING 
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Teacher functioning hjas assumed an important role In abtempts to 
create more effective* learning in students* Role expectations^ for 
successful classroom science teaching involves many complex bc^hav- 
tors which necessitate effective use of higlvei: level' thought pro- ^ . 
cesses and decision-making abilities, These include ' postulating 
hypothetical reXat ion ships between student classroom and^teacher . 
variables, manipulating propositions Miyolvlng effective learning - i"^^ 
environments and making inference^ about covert social-psycholctelcal 
processes. Professional t&acher. education progrants have generaV^y ^ 
assumed that these behaviors ^re met through courses^ classroom 
experiences and in^ervlce requirements ♦ Based upo% research in the-' 
area of life-long deVelqpment of cognitive functioning, the vali- 
dity of this assumption should be questioned. This research 
indicates that only about one-half of adults attempting entry into, 
or areViow involved in, professional education have developed £he 
necessary high level thinking processes requisite for 4:he perform^ . 
ar^ce ofl many profftsslonal role behaviors. ^ ^• 

The purpose of the study was to establish the extent these effects j^ /^ 
the ability to urfe higher /level thought processes, may have on the 
varieity and level- of perq4ptlon, ^ performance and analysis of class- 
room science teaching behaviors. Postulating that general and 
specific mental structxires were related Co gertain science teaching 
bc^haviors, t^e study compared classroom per f romance in the teaching 
of a short science unit by preservice elementary and middle (K-8 
certified) grade .teachers of differing levels of cognitive develop- 
ment. N. ' 



Pormal thinkiin^ abilities were" assessed with a group test of formal 
reasoning and#^ith individual interviews using Piaget's tasks in- 
volving combinatorial Ipgic, hypothetical reasoning, and anal^ysls 
and use of variables. An .alternative hypot^hesls irtvolvlng, the 
' appearance of formal ^thought in the area of professlpnal training 
an earlier time thao indicated on traditional Piagetian tasl^s 
/ was tested using a giroup test involving analysis of critical class- 
room incidents as shoVn on a video tape. Science teaching behi^vlors 
Ueve assessed using observational rating insttun^ntS of instructional 
\ planning and behaviors ,jValidated^nd' published in previous research 
studies science teaching, aVid questio(^nalre and analysis ^reports . 
of expectations «nd perceptions. Other variables measureci included 
Interests and attitudes toward teaching, teacher Characteristics and 
ratings of the supportive aspects of cooperating teachers and class- 
room settles. " * . ' ' 

The' sample, drfiwn from 330 senior level preservlce education students 
at two l^rge eiaster^^ universities, was comprised of §4 fen\aled and 12 
males whose median age was 22. These preservlce teachers .werte parti- . . 
^ clpatiqg in field oriented programs Involving a mlnimuti[]i^^f three 

sei]|iesters of extetfded observation and teaching^in classRoms. ^ Obser- 
/vatlon^ wera made*» of general and specific science lesson assignments 
in^ o^der to Increase experimental validity^ Reliability of teaching 
bejjavior m,easures was checked ^ through use on multiple iyfccaslons and 
use of multiple observers • Precautions wdre also taken to Insure • 
rellatility in the Piagetian measures. ' . 

Data obtained from the measures- were analyzed' using analysis of co- 
variance and regression analysis. The results dici not support hypo- 
the^ses concerning instructional planning and perfeption of» behaviors 

' involved in teaching classroom science and the development of general 
V or specific mental structures. The data supp9rted. the hypothesized 
relationships between the obs«?ryed classroom science teaching behav- 
iors and r*'esulcing analysis of science lessons and the development 
of general and specific throught structures. The results ha^i^ im- 
portant implications in the design of .preservlce teacher education 

. programs .and further research into t^A development of science 

curricula used by teachers and inservice staff development activities . 
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On^ of the basic skills required of high school chemistry students 
is problem solving. Chemistry teachers are well aware th^t many 
students lack proficiency in this areaVbut are^^rio^ pognizant O'f 
reasons why students are unable to acquire/the skill. - The purpose 
of this research, which is part of a study supported by NSF, is to 
compare through the us^ of interviews, the problfem solving 'strate- 
gies used by high school chemistry students that are successful and 
unsuqcess f ul . in solving chemistry problems. Comparisons of strate- 
gies used by students of differeat verbal/visual preferences and 
different proportional reasoning skills are al-sp m^de. 

The subjects of this study were 560 high school chemistry students, 
of nine itfchools in central and sputhcentral Indiana. Students werev 
randomly assigned to one of four different metlfods used in teaching 
problem solving: factor label method, proportionality, analogies , 
and schematic diagrams • Using programmed booklets incorporating tlje 
above strategies, students studied four different units: the ^nole 
cohcepti stoichiometry , the gas laws, and solutions. Fudm quizzes 
gi'vfen diiring t,he units, students were classified as successful or 
unsuccessful , problem solvers. These students then formed t(>e pool 
from which ^50 studentsof different verbal/visual preference and ^ . 
prop^ttibnal reasoning ability were selected for interviews, 

There were threie purposes for conducting the interviews. These 
were: * 

\ 

(1) to compare general problem solving strategies used bj^ 
successful and unsuccessful students 

(2) to determine if students of different vejrbal/vlsual 
preferences And varying levels of proportional 
reasoning ability used diffe^rent techniques , and 

(3) to det<»rmine whether any of the four methods taught 
was more successful than the others. " 



l^ 



Z3 



Interviews which* were conducted after, each of the four units Used 
a ''thinking aloud" technique In j^hlch .students were given a problem 
and aske^r to solve It aloud during which, tln\e they were taped. Tape 
were later analyzed using a coding sheet that examined the fcllgwing 
reading/organizing, recall', production, strgitegy, structural errors, 
.evalua t ion , execution errors, and comments about the solution. 



Prior to study of the cheml^stry uhlts, students were classified as 
.having verbal or visual preferences uslng^ a mo<Jifled Individual 
Differences Questionnaire*^ first developed by Paivid (1971). Re- 
Itlability using -the l\R-20 metho'd was found to be .77 . Proportional 
r^jjMoning ability was m§a.8ured usina^^modif led form of an iujjtru- 

mer^e developed by„^3^^^ (1978>.. R^k)ility using th^ KR-20 

method was found to be .86. 



Comparisons between successful and unsxiccessful students according 
to visual/verbal preferences, high and low proportional reasoning 
skills, and method used in in^tructioh, were madfe using non- 
par^ametric statistical techniques, specifically, Pearson's Chi- 
Square Test of Homogenity of Distributions (Marascuilo and MaSweeney 
1977). These results and other insights gleaned from the inter- 
views will be presented. ' 

■* . " - . 
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THE USE OF AJlALOGlfeS TO FACILITATE 
^RUtE USING IN ELECTRICAL ^CIENCE 
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Analogies have been used since Aristotle for rendering unfamiliar 
ideas more comprehensible. Many claims in ^the philosophical lit-- 
erature about the ability of analbgies to facilitate learoing have 
been made; however, very few empiric„al studies have been conducted 
to substantiate them- The possible benefits in using • analogies to 
teach abstract ide^s is suggested by current research in scifence 
education. ^ 

Cantu,6c Herron ^ (1978) maintain that many high schiiol students ^have 
difficulty in learning abstract concepts and rules in physicaf 
science because they are unable to deal with rule and concept attri- 
butes that are not perceptible. The authors believe ^that compre- 
hension c^n be improved when abstract attributes are made observable; 
Several authors have developed training programs that teach students 
to perform some formal operations through the manipulation of physi- 
cal objects having perceptible attributes (McKinnon & Rennei:, 1971; 
Towler & Wheatley, 1971). Almy (1966) found that concrete-operational 
learners rely on imagery to manipulate th*^/ elements of a problem^y 
forming images of what the solution Would look like if certain physi- 
cal operations were to be performed .-^ Analo^ie* have been shovjp 
to involve the manipulation of problW elements via . imagery (Driestadt 
1968; Khatena, 1973) and, therefore, analogies may be useful ^in ^ 
helping concrete-operational learners to perform some formal opera- 
tions and to comprehend abstract d^deas. The purpose of the preS'fent^ 
investigation was to determine how analogies could effectively 
be used in science instruction to facilitate the student's acquis!- \ 
tion of abstract electrical rules. K 

A two-part study wks conducted to test the hypothesis that the 
ef fectiv€^ness of an analogy is dependent upon the Complexity of its 
attributes. Analogy complexity waiS defined as the subset of attri- 
butes that students could reliably be expected to interpret from an 
analogy . 



In the first part, a technique for constructing analt)gle8 and for 
Judging their complexity was d,eve loped. Ten Analogies were; construct- 
ed and sub8jlquentty\Judged by' six science wri ters • Two Analogies 
differing in complexity were selected and incorporated into a unit 
of elector l^^fl^l science instruction. Three versions of the instrudtion* 
al text were produced: ' ■ ' \ 

— * * * • ■ 

(a) no-analogy, . '1^^ 

" (h) ^ high-gotnplexlty analogy, and 

(c) ^ Ipv-complexi ty analogy v . " » ' ' 

^ " . . 

In the lliecond part, One hundred twenty-^nine high scho9l physics 
students ware* randomly assigned to one i>f the three ^reatment^ (ver — 
siqns). Studiants were presented widh a brief ..text on electri<5al v 
rules. A short-answer postt^e^t measuring rule-using served as the 
depen4ent measure. Signific^t total test scores were found between 
the^ two analogy groups and between the high-complexity analog)^ and 
the no-analogy groups. There were no significant differences 
between the low-analogy and no-analogy groups. 

T|ie results support the hypothesis that the facllltative effect .ojf 
an and^logy is a function of its attribute complexity. The results 
have implications for how analogies should be used in instruction. 
Typically, students ^re assumed to interpret an analogy in thfe S.^nie' 
way tliat the teacher or science author does. The analogy i$ asslimii?d 
to cont;aln i^^'^s familiar to the student and relevant to the concepts 
being taught. This study Illustrates the need for educators to 
exercise caution in assuming that an analogy will be valid ajid under- 
stood by all stucfenjj^s. 
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SELECTIVE ATTE;NTI0N EFFECTS OF TEXTBOOK- STUDY ^QUESTIONS 

t 

^ ' William G. Holll4ay ' * > 

University of Calgary 
, Calgary, Canada T2N 1N2 

TeSctbook questions remain the most prevalent; study^ aid used to^help'^ 

students selfictively attend to criteri^l information contained in 

^cience learning material^ (Holliday, 1979)/ Yet^ Markle a^d Capie** 

(1976) mathemagenic experiment and Wilson ^nd Koran' s (1976) analysi 

of this line of research represent the few competent attempts in 

science education to increase our understanding about how learners 

react to various question types adjunct to specialized learning 

mrfterl^ls in science, the present study draws on such mathemagenic 

work and generalizes to textbook study questions (i.e*^, us.ually 

found at the end of bqok chapters) in whigh students ^re permittecl 

tt> review criterial material, as cogently justified and recommended 

%y Faw and Waller (1976). 

' , - ■* * 

A cognitive process model, selective attention, was used to preUict 
the result^^f the present study and used by others to explain math- 
emagenic and -''nonmatheinagenic*^ research findings also dealing with 
questioning behavior (Anderson, 1970; Wittrock & Lumsdalne, 197?). 
In part, this model predicts that students often fall to leaiSfi 
simple conceptual ^r,elationships when they are not forced to search 
instructional material for queried coneptaal asrociatlons. One way 
of not forcing students Xo search the material and focus attention 
on criterial information is to overprompt learners by providing them 
"^ith strong hijits to answers -- a theoretically dysfunctional tech- 
nique *^ill us^d by an alarming number of teachers (Anderson, 1970; 
and Arfrorson and Biddle, 1975). Anderaon and Faust (1967) supported 
this pr<SUiiction in an experiment using a Russian vocabulary, self-, 
paced progrfun. , Indeed,, thii purpose of the presfent study was to - 
evaluate, the generalizabillty of these results to a specialized 
science medium in terms of selective attention* Specifically, a ' 
question and no-questlon treatment wer^, hypothesized to be more' 
effective than a cued- (strongly^ prompted) question treatment which, 
in tarn, was hypothesizfed to be more effective th^ a control ^ 
(placebo) . " ^ 
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Methodology^ Deslf^n and Instruments 

, The sample consisted^ of 171 (English-^speaklng, middle-class) high 
school biology students •.(14 to 16 yearq of age). Students wei^e 
randomly assigned to three, treatments and a .single control followed 
by a 30-item, multiple-choice test, thus creating a posttea t-only 
equivalent-group design. The three treatment groups were provided 
Vith specialized learning matetial, a picture-word diagram describiiig 
biogeochemical cycle3\ , 

The question-treatment group received the diagram ^nd 20 textbook 
study questions. The cued-ques tion treatment received the same 
questions and diagram with added prompts (not information) displayed 
in the dllTgr am/ The no-questloh treatment g^^ just the 

diagram* Finally, the control group read a science placebo passage. 

■r 

The diagram used in this study described scieatific pathways and 
cyclic, scheme . Previous research (Hollidayj^ 1976; Hollid^y, Brunner 
and Dpnais, 1977) has shown that this diagram can be effectively 
. used with adjunct questions and can be used as a basis for generating ' 
\ operationally definable comprehension study and postte«t questions 

(cf. Anderson, 1972). Indeed^ such questions and relationships were 
-developed for this experiment, 
'i -^^ . \. . ^ ' ■ ^ ' . ' 



\ -pT. jf Results and Conclusions 




As predicted, the hypothesized ordering ^of treatments and control 
groups significantly differed (p ^ .05) with one^ exception, as 
evidencved by aaLOverall analysts of variance test followed by a 
^Newman-Keuls muitiple range test. The no-question treatmen,t group 
f dld not significantly ou tperf orm ■ the cued-ques tion treatment group. 
Otherwise, these findings were anticipated and consistent with pre- 
viously cited research and the selective , at tent ion process modbl. 



Apparently, cuing students to queried information can reduce ^ 
student ' s, need to search and^omprehend simple conceptual relation- 
ships contained in such a diagram. ' » 
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Oblectlvtf ^ * 

The purpose of this developmental study was to investigate the 
effects of s^udy guide questions in^ different forms on the learn- 
ing of science content from written text. Deve Vopmental compari* 
sons were made by administering the study to fourth, seventh, and 
tenth graders. 

4 « 

r 

Rationale . 

Study guides in the form x^f questions are often'^used to aid student 
progress through science text 'materials ^but variables determining 
effectiveness are largely unmeasured* Further^ while the use of 
study guides is .common at alt levels it Is not known if their effect- 
iveness varies for different age levels of students* ^ 

S^tudies have shown that higher^ level questions produced better scores 
on an^evaluat ion level posttest withoufc':via decrement in knowledge 
level'^performance . In particulao^one showed that subjects pto- 
ducing their own examples of a principle scored higher than a 
control and recall condition (Watts & Anderson, 1971). Verblil 
learning research supports these findings, with ^'deeper levels 
of processing*' characterized ^by semantic rather than orthographic 
processing resulting in greater retention scores (Cralk & Lockh'art, 
1972). * 

The present study investigated both thc^se areas by providing study 
guide questions requiring different levels of processing for students, 
at different developmental levels. 
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Method and DestRn ^ . 

Subjects were randomly assigned to four treatment groups. Each was 
given a paasage from a weekly science newsletter. The four experi- 
mental groups were given study guides with eight verbatim (V), true/ 
false (TF), paraphrased (P) , or open ended (OE) questions respective- 
ly. Half the|8tud^nt study guides referred to the paragraph number 

each question could be fiound . (atructured condi- 
was a 4 X 2 factotlal design. The study was 
replicated with fourth graders (N - 85), seventh graders (N - 98), 
and "tenth graders (N * 90) . 



ly. Half theiStud^i 
whi^re the aoswer foi 
tlon). The result \ 



Instruments 

A posttest consisting of^dwa parts was prepared. The first subtest 
had eight questions identical to the verbatim questions (target 
questions) in the study guide, and the second subtest had twelve 
incidental questions which covered the^ content of the science pas- 
sage but were unrelated to the study guide questions. The Kuder- 
RlcHardson 21 reliability for the posttest was .79. 



Results ' ' ^ 

In e>ach replication a two way analysis of variance was used to dete^r- 
mine if differences' existed among groups on total scores, and the 
verbatim and incidental subtests. For fourth graders on total 
scores and for both subtests, two way interactions were found to be ^ 
significant. For the unstructured condlClon total scores for TF Ss. 
were significantly higher than both V and OE; on the verbatim subr 
teaft TF Ss scored significantly higher than V; and" on the incidental 
subtest JF Ss scored significantly higher than ^all oth^y- groups ♦ 
There, were no significant differences between groups^on the struc- 
tured condition. For V, OE, and P groups the unstructured was 
significantly higher than thfe structured condition. 

For seventh graders no interactions were significant. When com- 
parisons by structure^ were made no significant dlffe|*ences among 
groups were found for the structured condition. For the unstruct- 
ured condition' the verbatim group^ scored significantly higher than 
the paraphrase group on total scores. Comparisons by treatment 
showed the PE group was significantly better with structure than \ 
with no structure on target questions, and the verbatim grOup was 
better with no structure than with s trwc tur6; on total scores- ^ 

♦ * • • 
For tenth graders no Interactions were Significant. Comparisons by 
^structure showed no significant differences among groups for the 
structured condit;ion. For the unstructured, condition the true/false 
group scored sig(Slf leant ly higher than .the verbatim group on total 
scores. Comparisons by treatment showed that for the true/ false 
group no structure was significantly better than structure on total 
scores* No other differences were found. 
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DlacuiiBlon . . 

- 1 "■ 

The results raise questions about the advisability of identifying 
answer locations in study guides. When comparisons .by structure 
were made» the general tread was for no differences^ among groups on 
the structured condition for all three replications. This suggests 
that locating the answers essentially neutralised the treatment 
effects • , * 



Another Interesting trend was found. In gei^eral the(. condition re 
quiring the most processihg^re^iulted in highest pos^tfestj scores 
This w^is . indicated in fourth gr^ide where V unstructured scores were 
higher than y struct^ TF were higher than the 

other treatmen^groups in general. For tenth graders the TF group 
Score-d higher ,tWifln the V group in the unstructured condition, and 
TF unstructured was hl^gher than TF structured. In each case, the 
group scoring highest required more thorough processing .(TF Ss had 
to ascertain the veracity of the' statement and unstructured re- ^ 
quiipes more processing or seai^ching than structured). Additional' 
investigation carefully measuring the effects of different types of 
questions is required before fitm conclusions can be, made. 



\ 
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f^ACTORS I^TFLUENCINB SCIENCE LEARNING ! 



THE MODEL AND METHODOLOGY FOR RESEARCH 



Herbert J. Walberg 
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A chief purpose of educational institutions as a service industry 
is to produce learning. General educational research shows that 
the!;'e' a.re production factors that are consistent positive corre- 
If^tes of learning and often substantial correlates as well. 
Student learning in science as well as many othei: sub Jet: ts in the 
curriculum appears to de.pend on eight factors: student ability-* 
motivation, and age or developmental- level; instructional quality 
and quantity; and the social-psy^liological stimulation of home, 
peer and ' classrbom environments. Although randomized experi- 
mentation with selected factors permitjs causal inference and esti- 
mates of ifearning returns to the production factors, experiments 
are difficult to execute in natural settings/ Thus,^ the investi- 
gation of all eight factors simultaneously and the use of multi- ^ 
vdriate statistical methods partiaularly ^cbnpitietr^ 
analysis offer practical means for Increasing the effectiveness 
and efficleticy of science education. . 

Before launching large-scale research of this comprehensive kind, 
it is important to assess carefuMy the t;elation of each produc- 
tion ffitctor to learning both in general 4^ well as specifically 
in sclenceXedupatlon. Such accumulation of^ evidence^ meta-analysis, 
and reseatftfh synthesis (as it has been varidusl)r called) can be 
done by^jbredting studies oj: ^statiatics within studies that are 
tJb>J^^MH^eci across studies as units of analysis. A population^ ot 
sample of st;udies may be drawn, and the usual simple afid advance^ 
techniques may be applied. .The statis^tcs analyzed can include 
thi^ signs {positive, or negative) , the magnitude (such a^s correli 
•tions or^eff^ct sizes),:, or prob^hCllities of thie relations. In 
addition to Estimating the overall effect size on, or correlation 
with, learning for each factor, the dependence of the relation on: 
sataple characteristics such as size^ sex, and grade level; c6nS,truct 
or psychometric properties of the fattors; and methodological fea- 
tures ai*e ijmportant to estimate. ^ 
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A SYNTHESIS AND CRITIQUE OF SELECTIVE RESEARCH bN ABILITY", 
DEVELOPMENTAL LEVEL,, AND QUALITY AND QUANTITY 
OF INSTRUCTION INFLUENCES IN SCIENCE LEARNING 

_ i_ _ F , David Boillangftr > , 

University of Illinois at Chicago Circle 
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'* ' 

Walberg's (1978)- Productivity Model identified eight constructs 
substantially relate^ to school learning. The purpose of this 
study was to review and qliantl^that Ively syntt>esize the. 1963 through 
1978 grade 6 through 12 scleixce education research in four of thos 
construct areas. The four cqhstructs are ability, age or* develop- 
mental level, and quality and quantity of instruction. A qiianti- 
tative synthesis over this period woul4 provide researchers ki\d - 
practitioners estimates of the' degree of influence of each con- 
struct on'science learning, identify gaps and weaknesses in the 
research, and provide a basis for policy decislons^on research 
needs in science education. These objectives are in hartnpny with 
the needs expressed by the NARST-NIE Commission on R^earch Prior- 
ities in Science Education (Yager , 1978) . ^ 

Methodology , * 

Beginning with the ERIC; bibliographies and annual reviews of 
science education research as guides, published^ studies with grade 
6 through 12 students in the 1963-1978 period were scanned to 
identify all correlational or experimental ^ttudies relating any 
of the four constructs to cognitive, affective or psychomotor 
science learning. Glass' (1978) techniques of meta-analysis 
.were applied including numerical coding of approximately 40 
study characteristics per study with reported correlations or ^ 
effect sizes as dependent variables. Comput;er analysis of cod^d 
information was employed where warranted by the quantity of co^ed 
infpnnation. Relationships betweeti the^ dependent variables and 
study characteristics were investigated. Of particular interest 
were the relationships of the quality of measures used, subject 
characteristics, and study design features and flaws with the 
correlations or effect sizes. 
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Rejults attd Concluslona - 

Thirty-four stuxlies relating ability to learning outcomes in 
science were found to be highly consistent In mean cc^trelatlons 
across ability and outcome subcategories. The study character- 
istic accounting for the gre^atest amount of non-random vaVlabil- 
Ity in reported ability-cognitive outcomes correlatlons^^s the 
reliabl4.1ty of th^ ability and outcome measure . . ' 

Fifty studies In five subconstructs of the quality of' Instruction 
construct repealed mixed -results on the effectiveness of various 
experimental Interventionist. K^bllshed studies on the use of pre- 
instructional strategi'es, especially b^ahaviorlaX objects; studies 
on training In scientific thinking; and studies on the' use of m6re 
realistic Or concrete adjunct ^materials showed the greatest posi- 
tive effects on conceptual learning. Dlrectior deductive strategies 
appeared more effective in lower gr.aded while Inductive or Indirect 
strategies were more ^^fectlve In higher grades. Only three studies 
on quantity of instruction were found, each showing little impact 
on learning. >• 

Twenty-three studies relating age or developmental level to science 
learning showed ability 'm^asu^es to be better predictors of 
science learning than ate measures of Ptag^tian stage or logical 
operations. A slight rise^Mn the growth of logical operations 
was found in the grade 7 to 9 period. Agfi or grade level was 
found to be a poor predictor of science learning. 

Recommendations^ for future research include more Replications of 
studl^ and more consistent reporting procedures. 
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, MOTIVATiq;^, HOME AND PEER 
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Walberg's (1978) Productivity Model Identified eight constructs 
substantla-lly related to school learning. The purpose of this 
synthesij? ^as three-fold: 

1) To provide researchers and -practitioners with 
estimates of the Influence of the constructs of 
student motivation, home environment, and peer 
environment on science learning ; 

2) to IdentLfy gaps and weaknesses in the science 
educatloriAE,esearch ; and, 

3) where results are sufficiently conclusive to 
provide a basis for educational policy decl- 
sionjir ^nd researcji needs In science education. 



Methodology ' 

Using ERIC bibliographies and annual reviews of science education 
research as guides, published ^studies with grades 6 through 12 
studje.nts In the 1963-1978 period were scanned to -Identify all 
correlational or experimental studies relating any of the three 
constructs to cognitive, affective^ or psychomotor learning In 
science. Studies located under construct areas were numerically 
coded according to approximately 40 characf etlstlcs per study 
reflecting methodological strengths ^nd wealcnesses; and the charac 
terization of the sample, construct varlablc/s, and science learnin 
outcome • . / 



Results and Concluslona 



The results of the literature search apd selection undertaken 
i:^^ealed only 20 studies in these t^hree construct areas: 5 of 
Motivation, 13 of home environment, and 5 of peer environment, 
^irfce the number of studies located in each area was limited, 
quantitative meta-analysis of correlations and "box scores" 
was cart'ied out. 

The synthesis of results frbm these studies indicatfe that student 
* motivation and home and peer environments are Important ^correlates 
of science learning that deserve greater attention from science, 
educators thanthey" received in the past. ~ Results observed for 
these constructs In science were also found Jto be similar to those 
of meta-analyses conducted in general education. This finding 
sugg'ests that social and psycholc^'gical factors on learning are 
independent of subject are^, but further research is needed. 
Several methodological threats to t;he validity of the studies 
surveyed were consistently fioted. It is suggested that future 
studies in these areas Implernent more rigp'rous designs and 
sampling procedures. >i 
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Geaeva D* Haertel ^ C 

UnjLyersity of Illinois at. Chicago Circle j 

Chicago, IL 60680 



This paper reports a synthesis of research on the relation of 
socio-psychologic^il environment to cognitive; affective,' and 
behavioral learning outcomes in science education as well as other 
subject areas. The socio-psychological envtronmfent of the class- 
room was identified by Walberg (1978) as one of eight consttucts 
hypothesized to be related to. academic achievement. The purpose 
o^f the study was to estimate the magnitude of thl^ relationship, - 
and its variability ^across gjades , .subject areas and aspects of 
the learning environment considered • The study shows what kinds 
of classroom environments are most f acilitat iy;|t of science learn- 
ing- . . 

A total of 734 correlations were analysied, from a comprehensive 
collection of 12 studies of 10 data sets on 823 classes in 8 subject 
areas, encompassing 17,805 students in 4 nations. All of these 
da^a were taken from studies ci^rried out in naturalistic classroom 
settings, and all were simple, part, or partial correlations be- 
tween student perceptions of the socio-psychological climate and 
end-bf-course learning/ The strengths of these relationships 
studied as a function of various substantive and methodologica 
characteristics of the studies from which the correlations wer 
taken. A range of techniques were employed, based upon thiSi wo 
of Glass (1978) . 



Methodology 

A search was made of Dissertation Abstracts , Education Index , Psych 
olo^ical Abstracts , Social Science Citation Inde x > and, since much 
of the relevant research involved science curriculrf, the annual sum- 
maries of research sponsored by^ NARST for the years 1963 through 
1978. All studies involving naturalistic classroom settings that 
reported simple, partial, i^r part correlations between student 
perceptions of socio-psychological climate of their classes and 
end-*of ^course learning were selected.. Information on eight charac- 
teristics was recorded for fach correlation taken from these s^ijdies 
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National location of thQ study ^ grade leve\ and number^ of students, 
unit of analysis, type of cortel^atlon, type of socto-ps j^cholpgical 
perception, outcome doipain, and content area of subject-matter, 
(biology^ physics, etc.). In all analyses, the corre,l,atlon oi ^ 
environment perception and learning outcome was thfe dependent? 
variable. The eight ch4.racteri8tic8 were used as independent . 
variables. Several^analytlcal techniqdes were used^ simple tab^ 
ulatidns jAcorrelation-welghted one-way analyses of variance, and 
weighted multiple regression analyses. v 

V '■' - ■ ' 

Results and Conclusions . , ^ 

it was concluded that the raagnitud«: of the 'corf elatidnS was^ :r 
dependent upon the aspect of the socio-psychoj^oglcal cl^as.srom 
envlroiWent measured, the unit of analysis for which the correla- 
tions were computed, and the nation in which the study was con- , 
ducted* Learning outcomes and gains, including student acheive- 
ment, performance, and '^elf-concept, wer^ found to be positively 
associated with student-perceived Coheslveness , Satisf iaction. 
Task Difficulty, Formality, Goal Direction, Democracy, and Material 
Environment. Negative associations were found with Friction, 
Cllqu^ness, Apatny, and Disorganization. These findings were 
largely in accord with theoretical predictions made by Walberg 
(1969). Of 36 hypotheses, 31 were supported. Correlation size 
did not depend upon the number of students 'tested, the subject 
matter taught, the learning outcome domain (cognitive, affective, 
or behaviora 1) , or the presence yersus , absence o£ statistical 
adjustments for ability or pretest scores. • 
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Rationale ^nd Objectives 



The cognitive preference construct- (Heath, 1964), 4n appliciati,<>^ 
of cognitive styles to Science education, h&s^ been successfully 
applied to the evaluation of high^spho^ science curricula ••• H^v* 
ever, important questions regarding the Validity and interpri^tation 
of' the construct and techniques fpt data analysis still need to be 
resolved (Brown/ 1975). As a part of a series of validity studies, 
this study was designed to investigate the convergent validity of;, 
th^ cognitive preference construct and to develop aqd test nev tecjft 
niques for arialyzihg cognitive preference ddta, i 
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ethodology and Design 

Two instruments were cbhstruct€5d ^ to measure cognitive preferetices 
in alternatiye and more natural ways than conventional insl^rumentS). 
These and a convent jLonal. instrument w^re administered to 71 elemenr 
,6ary education majors in a midwestern. university and the results 
were analyzed utilizing ,a multltrait-multlmethod design (Campbell > 
and Fiske, 1959). Furthermore two statistical indices of dlatlnct- 
ness. of cognitive preference patterns were dev^loped^' one* for use ^ 
with ipsative (ranking) data dnd one for ndnpative (rating) data. 
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The Science Cognitive Preference Inventory (SCPI) is a conventional 
instrument which follows the format devel9ped by Heath (1964). 
Cronbaeh alpha reliability coefficients -in college sampljes have 
been better than^^5 for each of tWe four preference modes when eh 
rating procedure was followed and better than .60 when ranking 
procedures vere employed. 

In the Teacher Rating Instrument teachers respond to fourtewi 
questions from which ratings of student behaviors could be OTrived 
whlfch by definition are indicators of cognitive pteference /such'* * 
as: A reacting critically to scientific inforn\atloa,-being^ntere«t^ 
^ed in applications of science, or having a< tendency to learn h,y 
rote. ^ ' ^ ^ 

' * . • ' " 4 

In th^ Reading Instrument students are asked to^indlcate most 
and least Interesting sentences in each of thelPifteen paragraphs 
of a science reading covering four different topics. Objective 
scores are derived from the Cognitive preference classification 
of these sentences/ ' ^ 



Results and Conclusions 

Correlations o^f Q (questioning) and R (recall) with R, P (princi- 
ples)* Q, and. A (applications) scores across and within inettimients 
fulfilled most of the conditions for Convergent: validity. The 
coi^relatloRS were higher Hn^ a sabsample of students with .highly 
distinct 'patterns of cognitive preTerence\ scored > a finding which 
strongly , supported the validity of the Q and R modes of cognitive 
preference. Correlations of P and A with R, P, Q and A scores , 
only partially fulfilled these conditions , indicating weaknesses 
in the P and A preference modes^ 

Correlations of Q^^nd R within and across instruments strongly 
suppt>rted the interpretation of Q and R as opposite pol^ of v 
one dimension which could be called: "cr;itical thinking." — 

The indices of distinctness of cognltiv^preference. Were useful 



tools in the v-^lidlty study. They also^|^p4ed impottant ln|ojr- 
mation regardin'g the nature and InterprWiWon of cognitlvqt pre- 
ferences. The indices may be us6cl as Indivlduial characteristics 
in their own rlght.N 

The study was successfully replicated in a sample of high school 
students.' 

'*t> . .. 
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Rationale and Qblectlves 

Curriculum guided and textbooks include integrated science process 
skill outcomes amopg those Important for secondary school students 
to acquire. Along with learning science content, theise students 
are expected to learn ^ to develop such skills as^ stating hypotheses, 
operationally defining variables, designing investigations ,^d in- 
terpreting data. But if schopls emphasize these skills in Iflferuc- 
tlon, they also Tieed a means tp see whether they are acquireo^ The 
purpose of this project was to develop a valid and reliable test of 
the Integrated science process skills for students in secondary 
schools. r 



Des^ii;n and Procedures v 

A hierarchy of Integrated science process skills was developed 
that began >wlth simply skills and lead to the ul][:lm«te task of 
planning and conducting an investigation of a hypothesis. Multl- 
ple-cholce test items were developed for each skill in the helr- 
archy. The items were designed to be nonsubject specific, that 
is, test items were based on content from a' variety of science ' 
fields. 

The test that resulted was submitted to a panel of science educa- 
tors to determine if it was valid and objective. A cross section 
of students from six large schoofs in two states were used to 
tryout the test and provide normative, data . The test was first 
administer€^<d to approximately 300 students in grades 7, 9, and 11. 
Difficulty' and discrimination indices for each item' and an assess- 
ment of the test readability level were used to make revisions in 
items. The revised version of the test was administered to a 
second jample "of approximately 700 students in grades "7,^9, and IT. 
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Instruments and Data 

The Integrated Process Skills Test consists of 36 items in a 
multiple-choice' format with four alternative responses for each 
item. The reading level of the test was originally 11,2 and 
reduced to below 9.0 for the secorfd version. 

^^to assess the content validity and obJectivlty\>f the test^ four 
' expert raters were used. For a total pf 144 responses (4 rasters 
X 36 items), the expert^ agreed with the test developers on the 
assignment of tqat items to objectives 957o of the time and agreed 
with the scoring of 'the test 97% of the time. 

'The first version of the test was administered to a sample of 308 
students (grades 7, 9 and 11). rhe mean of the first yersion 
wds 18. .75, standard deviation « 7.59. Reliability (Cronbach'a 
of the first version was equal to ,88» Thtf mean item discrimination 
index whs .39 ,and the average item difficulty index was 527o. 

The second version of the test was administered to ac sample of 
" 711 students (grades 7, 9 and 11). The mean of the second version 
of the test is 1,8,99, standard deviation - 7.60* Reliability is ; 
equal to ,89. The mean item discrimination index is -40 and the 
average item difficulty index is 53%* , • 

In addition to the summary data given ftbove, normative data for 
the three gracfe levels on each of the integrated process skills 
will be presented. . ' . ■ ^ ' * 



Results and Conclusions . 

The agreement of the raters with the test developers on the assiga- 
ment of test items to objectives and on scoring was taken as evidence 
that the test has content validity and is objective. TJie results ^ 
of the analysis give evidence of . acceptable reliability for the^ 
test. It was concluded that the Integrated Process Skills Test 
is a valid and reliable instrument for assessing the acquisition * 
of the integrated science process skills by secondary science 
students . 
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*• • - ■ ' 

SEVENTH GRADE AND COLLEGE STUDENTS , 

f 
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Tempe, AZ 85281 « 

Object^tvee and Rationale . 

The present study has as its ^primary objective the determination 
of the relative effectiveness of instruction designed to teach 
concrete operational ^seventh grade students (ages 11-12 years) 
and concrete operational college students (ages 20-24 years)/ how 
to reason formality vith respect to two aspects of formal reasoning 
probabilistic reasoning and correlational reasoning* Secondary 
objectives include deCermination of the amount of variance in 
responsiveness to Instruction accounted for by initial level pf^ 
intellectual development, cognitive style, and verbal IQ.^ 

It was hypothesized that Che concrete operational college students 
would, be more responsive to ins^:ruction than ^ the concrete opera- 
tional seventh grade students in that: ^ . 

1^ their biological maturation in terms of brain 
growth is complete wherrfasrihe brain growth 
of the seventh grade studentrs is not complete 
(Epstein, 1978); and, 

2) they have accumulated, a greater store of general 
experience during adolescence and early adulthood 
. that can serve as a pool of connecting or general- 
izing experiences to help cognitively anchor the 
instructed aspects of foi:mal reasoning . 
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Methodolot^y an4 Dealp^n 

The study empl.oyed a modified version of the ^tahdard pretest- 
posttest contrjol group design. Fifty seventh grade students 
(mean age ■ 12, 5 years) and 62 college students (mean age - 23.6 
years) were cair^^f^^Hy^el^cted^ and- matched on the basis of level 
of intellectual development and verbal IQ, Subjects varied with 
respect to degree of field independence and of course age. Both 
groups were then given identical instruction on t,wp Aspects of 
formal reasoning probabilistic and correlational reasoning. 
Instructive techniques employed were based upon previous research 
(Adi, K«rplu8 y Lawson and Pulos , 1978; Flschbein, 1975; Lawson 
and Wollman^ 1976). Postfcests followed to assess the degree to 
vhlch the Instruction proved effect! veT ; 



Instruments and Data 

Lawson' 9 *(1978) 15-item Classroom Test of Formal Reasoning was 
used to a8$ess levels of intellectual development. The Group 
Embedded Figures Test was emplgyed to assess degree of field 
^^dependence^lndependence O^ltkin, 0,ltman, Raskin ahd Karp, 1971). 
Verbal IQ was assessed by, a series of verbal analogies (Shipley, 
1940). Data wetre analyzed with both descriptive correla t ioi\al 
and experimental AYialysis qf variance techniques. Posttest tasKs 
included items requiring probabilistic and correlational reason- 
ing contents familiar and unfamiliar to the subjects. 

Results and ConcluBions 

The mean score for the seventh grade subjects on the test of formal 
reasoning was 6.6 out of 15 possible (S.D. » 2,6), The mean score 
of the college subjects was 6.5 (S.D. « 3.4). Thirty-one percent 
of the seventh grade subjects and thirty , percent of the college 
subjects, were found to be concrete operational. Mean scpre on 
\ the measure of verbal IQ was 13.7 out of a possible 10 points for 
both samples. The seventh graders proved more field independent 
(X =» 12.0) than the cqllege subjects (3C * 7.8). 

Overall the college sub jec ts performed significantly better 6 .01 ) 
than the seventh grade subjects on the posttest measure (X « 16,8 
and 12.2 respectively). The concrete operational college students 
correctly answered nearly twice as many items as their seventh grade 
counterparts (X » 14.3 and 7.5 respectively). Vferbal IQ and field 
independence were significantly correlated with posttest task 
success . , * ^ 
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Stfenlflcance 

Two Important edvtcatlonal Implications c^x\ be drawn: 

1) instruction In aspects of formal reasoning ^ even If 

/- It occurs after the normal developmental period (ages 

' .12-15 years), can be successful and should be 

pursued; and, ^ 

2) training of conolrete operational students early in ^ 
the developmental period for formal operations may 
be pxAmeture and may be more successful If delayed. 
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The paper reports the results of an ttives tigation into the pos- 
sible' relationship b.etween eighth grade Earth Science students' 
cognitive developmental level (as measured by a written t#8t 
developed by W. M. Grey) and their abil^ity to anSwer qu^tions 
at th^>^knowie^e, comprehensive, application and analysis levels- 
of Bloopf* 8 taxonomy. . - 

As part of the author's dissertation study a model of problem 
solving was proposed and theoretically linked to Bloom's Taxonomy 
In this model the application level was said' to ^correspond 
to the tyM of student bejiavior whi,ch could be classified |is 
problem solving. Six weeks' of instruction was given to 274 
students who were randomly assigned to either experimental or 
control section?. The instructio^^ for the experimental group 
consistjBd of activities based on the problem solving method and 
emphasizing student operation at the application level. Th« ' 
control group received instruction in the same content, but in a 
tiraditional manner. ^ 

Upon completion df'the Instruction, all students took a 40 item 
multiple choice test , made up of. equal ^numbers of questions from ' 
the four taxonomic levels. Subsequent analysis of the data 
shoved that the experimental group oiitscored the control grpup 
on each of the four 'levels (p^.OOl). The. results of a discrim- 
inate analysis led to the conclusion that the analysis level 
questions contributed most tt> differentiating the two groups 
and supported the major hypothesis' of the study, that activities 



patterned a £ter the -problj|m .solving model contribute to a - 
atudent's ability to think at higher levels aa measured by 
Bloom's Taxonomy. 

The same students were also given the "How's Your Logic Test" 
devised by Grey. The proposed presentation will examine the 
possibility of a relationship between students* scores on eac 
of the four taxonom'ic subscales of the^ achievement test and*^ 
their Plagetian developmental leveT as determlnfed by Grey's 
test* The implications of the presence or absence of such a 
correlation Will be discussed with reference to classroom 
teacher behavior and typets of activities appropriate 
forpmlddle and junior high school students,. 
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Topic: Single Subject Designs for ScieAce Educa^^tioA 

Research The Ihiaung Paradigm 
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Tl\e ^heme of the 1979 NARST Convention was the "Impact of Learning, 
Paradigms in Teaching Research/* C^^rl F. Berger's conference 
address 'Vhat are the In{plicat;|.on? of Paradigmi-Based Rescfarch fpr 
Science Education Research" tended to support traditional research 
desigfis. The major presentations at a general^ session stressed: 

1) RecepA^on Learning (Novak); « "r-" 

2) * Hierarchical Learning (Jomes) ; and, 

3) Developmental Learning CLawson). 

The nation's leading science education researchers had no formal - 
presentation about single siibject paradigms at^ the confei^ence. 

No paper's using single subject design have been given at^ the 
last four NARST conventions. * An intensive review of JARST issues 
from 19^7 to pri^sent failed to reveal one published paper using 
single subject design (SSD). It may be inferred that NARST members 
are either unfamiliar x^ith SSD or are not using SSD in their re^ ^ 
search efforts. ' • 



The, objectives of this presentation are to: 



1) describe the basic rationale and procedures of SSD; 

2) analyze selected SSD models for their appropriateness 
to science education; and, 

3) describe the applicability of SSD to NARST members. 



The use of SSD as an evaluation tool will also be presented. As 
SSD may be used with as few subjects as one and as many as an 
entire groujp or classroom of students the concept of replica- 
tion will hii noted. 



With the current stress on accountability and the. conftomltant ^ 
scarcity of science ,educat,lon research funds , members of NAkST 
must learn new and powerful research designs. Finally, vith^ the 
advent of PL 94-142, The Education for All Handicapped law, more 
science educators will focus on research wlth^ handicapped child- 
ren* This specific group is too small to use the traditional 
research paradigms, thus SSJD will be required, 

Fj[.naliy, we will suggest studies prevl<^siy published in jARSt 
that could have vitillzed SSD. - . , . 



, STATUS AND NEEDS OF SCIENCE EDUCATION: 
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In 1976, the National Science Fouhdation sponsored three large- 
scale studies of the status of science education. Contracts 
were awarded for a literature review (Helgeson, Blosser^ and Howe, 
1977); a series pf Vase studies (Stake and Ea8l,ey, |-978)j and a 
national survey' of qurrent pract;^ces (WeisS,, 1979) > .the, ^nfo na- 
tion generated by these studies vas e^ctensive and ri^qtiired further 
synthesis. 



In 1978, the Foundation funded a' research proposal designed to pro- 
vide interpretive consolidations of these ehree studies as- well 
as the three national assl^ssments that had been carried out in 
science. Project Synthesis is a data reduction and interpretation 
project whos^e purpose is to'-give meaning to the vast quantity of . 
Information recently available in science education. , \n this paper, 
we describe the data synthesis process dnd repott the ma^ or find,- ■ 
fngs o^ the study. Implications for educational policy are -also 



discussed. 



The research plan used by the Project Synthesis group waac a three- 
stage discrepancy siirategy. The actual state of affair* as describ- 
ed in the four prima iry data sourpes was compated to a pre'-deterinined 
'desired a tffte in ordeir to identify discrepancies. , Group»~ei consul- 
tants., repres^bijig five different perspectives (bio^^ical science. 



physical ^iM^uce^ Inquiry^ elementary scl«i>cej sclenqe/soclety/ 
teic:hnoJ.ogy>^ef Ined what they qpnaldered to be a deairable atafcua ^ 
for the dlaclpllne. The Infomatidn sourcea were then perused to 
determine the actual status^ Discrepancies between the desired , 
and actual state w^re Identified and represent the mfijor findings-: 
of the studfy. These Include: 

!• The desl^red state of affairs for et^ineptary science, 
as defined by the ^roup of educators, Is not 'accepted 
nor valued by parents, administrators^ and most teachers. 

2. Present SQcietal arid school conditions serve to e^^t 

as barrlerr ^achex than facltlcatow w thd 1.1^^ 

tion of -tKe desired science programl - ' 

3. Eletii^ntary teachers are not--prepared nor interested' 
in teaching science. 

4. The biology presently taught^ln the schools, and based 
on the structure of the discipline, differs In phllo- 

A sophy, historical perspective, goals and content from 

the human-orieoted biology advocated by the biology 
. ^ focus 'group. ' , ^ 

5. ' The contribution the physical sciences can make ,to ' ' 
personal needs , ""societal issues, and career preparation 
is largely Ignored at the expense of emphasizing funda- 
mental knowledge of the discipline. ' 

6. Science, especially physical Science, is not a value^d 
part of the- public .school curriculum of general education" 
for all sttWer\t.s. ^ „ c?^ ' 

^ 7. The desired classroom practice ^ contextual support, and 
student outcomes that would Indicate student undjprs^tand- 
ing and apj>lication of the processes of scientific^ 
Inquiry ate far f^tom being met. , 

8. TH^ educational^ $ystem ha^ systematically excluded, not 
only the study of techijology, but the study of science 
and technology as it relates to and interacts with the 
changing society. [ 

The conclu^sions reached by the ProJ.ecb Synthesis group do not present 
a verj^ .encouraging picture for science education. ^ Thf! image is furthe 
^^arkened by the fact that we have just come through an extensive 20- 
year {Jeriod of federal Support. However^ the defined discrepancies 
do si^ggest several recommendations for the future and are presented 
in the paper, fhe underlying theme for the fecommendat ions is 
'^responstveness..'' Wo believe"' those charged^itH' the teaching and 



learning of science must actively Yrespond to the environmental 

f of ces th«t determine what science education will be taughtln the 

schools.. Chief 'among these are the social environment of the schools, 

including parent and teacher values, student characteristics ,^ our 

current knowledge of pedology, and the nature of science. We must 

be sepsltl^e to all of these factors if we ever hope to provide 

the kind of science program needed by our children.. 

We are at the dawn of a new era in science education. We seem to 
have failed in our effor^ts to shape education by relying on the 
specialists ^in the subject matter disciplines. It is time we turn, 
instead,, to those people intimately involved in education for new 
direction and guidance. L^t ,us hope that the Joint efforts of^ 
teachers, school managers, parents , and"^clerrc6~e^^ 
cessful in mefeting the changing and complex needs of individuals 
and of society. . 

♦ 
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Tnrls session has been designed to provide a general conceptual 
base for multiple linear regression so that participants can be 
ter apply and Interpret the. results of the appl:(.catlon of these 
procedur:e?. . The session will be conducted With application as 
the maj<>% focus i The knowledge of multiple regression analysis 
necessary to set up the control cards and interpret the resylt;s 
for the BHD and SPSS computer programs wlj.1 be ^ the conceptual 
content of the sessions. Examples will be distributed and dis- 
cussed throughout the la«/ion . It will be assumed that the 
participants have basic knowledge of correlation and simple^ 
analysis of variance. All participants should bring a calcula- 
tor which has the four basic Tunctionsvand a square root' key. 
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Teacher attitudes and l^eliefS have been studied by educational 
researchers for many years* Early research studies by Kerlinger 
(1956), Ryans and Wandt (1952), and Gibb (1955) have sulggested 
that there are common groups or dimensions of behaviors and 
beliefs about educational practice. Wehling and Charters (1969) 
later ijdentif Ited eight dimensions of teacher beliefs that were 
not unique to part icular populations , and Sontag (1968) analyzed 
the ^dimensions of teacher perceptions of classroom behavior 
and -identified four recognizable factors in*varibus teacher 
samples. In the area of science education, recent studies hav^e 
been reported by Bybee (1975, 1978) and by Horak and Lunetta V 
(1979), These studies have genera]:ly shown that groups of sci- 
ence teaching behaviors may be prioritized and th^t types^ of 
science teachers may be identified relative to t;helr .beliefs 
about the importance of specific science teacher betjaviors in 
the classroom. ♦ . - * 

The main objective of this study was to see If specific science 
teacher types could be identified among elementary inservlce 
and preservice teachers. Additionally these science teacher 
types for each sample were analyzed for their correlation with 
previously reported teacher types identified in junior and senior 
high school science teachers. 

Q-methodology and , techniques were used to analyze the belief 
patterns of teachers with respect to st;atements dealing with the 
classroom behaviors of science teachers. The instrument used was 
the Science Classroom Behavior Q-sot-t (Horak and Lunett^, 1979) . 
This instrument hasc reported content validity and test^-retest 
reliability of 0.810, The sample for this study consisted of 80 
preservice elementary teachers and 80, inservice elementary 
teachers from a regional area. In Q-methodology, selection of 
the participants is not usually done randoml y , but rather they 
are chosen to represenit identifiable divisions of the population 



48 , 

5"? 



with which the study is concerned- For this study, background 
characteristics and grade preferences of the participants were 
used to help identify relevant Segments of ^ the teacher popula- 
tion, ^ • ' 

The data consisted of the 160 participants sorts of the 80 behav- 
ioral items into a quasi-nomial distribution. Beliefs about the 
relative /importance of specific science t^^ching behavior were 
detem^ined by Item rtuiking^ on an 11 point scale ranging from 
perceived most important behaviors to perceived least important 
behaviors. The data obtained was analyzed using an extended 
factoring program which jirovides a single-execution method for 
handling all phases of Stephenson's Q-analysis, 

Similar science teacher types were identified in both the pre- 
servlc^ and the Jnservlce samples* These science teacher types 
were additionally found to, correspond closely with types previously 
Identified and reported for junior and senior high school science 
teachers. The percentages of teachers identified 'with each type 
were , howevcl^r > dif f eren t. Descriptions of the science teacher 
types also showed that they could generally be associated with 
underlying psychologit^l theories. These results extended the 
generalizability of the previously reported researcn to include 
e lementary p res er vice | and ins er vice science teachers • They 
also Indicated that itXmay be necessary for future research on 
teacher beliefs and bel^viors to consider teacher actions In a 
more global sense, as well as' for science teacher education Insti- 
tutions to Include modules In their curriculum that relate to 
relevant behaviors for these- broad categorizations of science 
teachers f 

^ 
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This study was designed to determine the validity of competencies 
which are ,t+ie basis of prof lisalonaV't^^^oher certification . 



Rationale . , 

Georgia is implementing t>erforhiance assessment as part of the 
teacher certification process. The Teacher Performance Assessment 
Instruments (TPAl) (Capie et al, 1979) have evolved over a three 
year period to assess essential competencies. Competency Selection 
and instrument developmer\t-'' were described earlier (Okey and Capie, 
1979). A preliminary edition was used in this study. Each compe- 
tency is defined by two to five specific behavior statements called 
indicators. Each is rated on a five-point scale representing de- 
grees of increasing prof icie^jcy . The five scale polntg. are defined 
to reduce ambijguity and enhahce interr&ter agreement. 

The lnst;rument:s have been studied extensively to determine their 
technical charactiaris-tics . Modifications have \>een made teased on 
fqrmal and informal feedbacft> studies of intefrater agreeinent . and 
jinternal consistency, factor analyses , and Various validity investi 
gatlons. The best measure, of validity has been considered the 
ability to predict student achievement . Consequently, this study 
was planned to determine what partiotv of the variattion in pupil 
achievement could be attributed to measures of student teac^jiers' 
competence. '^^ ^ \ 

Methods " ' ' . 

Thtrty-thr^e undergraduate Interns in fearly elementary, education 
and several hundred elementary pupils participated in the study; 
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Interns visited classrooms for two days early in the first quartdf 
of a two quarter senior Internship. They returned to campus and 
prepared a short science unit for use in the schQol. During the \' 
first^ ^ull week of school -activity the unit was imple^aented. In- 
terns' were rated On the TPAI by their dclence Instrucdor as well 
as an instructor in gen||ral tnethods after independent observations. 

Thirty-sljc TPAI indicators comprising tWelWi competenciei^ere 
rated. In addition, factor scores b^sed on analyses by Tobin et 
al (1979) were competed.- All scores were available from both 
data sources as well as from the combination of the two. 

Pupils were pre- and posttested on unit objectives with instru* 
ments developed by the interns- An effectiveness index derived 
from the pre-and posttests was the class mean of a ineasure called 
the percentage of the remaining gain computed for each pupil. 
The difference between the post- and pretest (observed gain) was 
divided by the difference between the mysiximuni |^ossible score and 
the pretest score (possible gain) and then multiplied by 100 to 
compute the percentage of remaining gain (splijt-half reliability 
« 0.92). 

A multiple regression of the factor scores against the teacher 
effectiveness index was cdh^pleted. Pearson product moment correla- 
tions'were computed between the effectiveness index and .each 
indicator rating and each competency^ and factor score. 

i 

Results 

A totdl of 71 significant correla t iqns were identified (p 0.05) 
in the various analyses. A, suiiunary is reported in Table 1. Corr^la 
tions ranged -^tp 0.72 for indlc^prs and 0.66 for competencies. R* 
values ranged to 0.55:. 

Conclusions 



.c^c 



The results affirm the validityc of TPAI competencies among pre- 
service . teachers . The most consistent pattern of significant 
correlations reflected classroom management skills. The factor 
scores.. which represent all indicators produced significant R . 
v«lues" which is strong evidence for the validity of the competency 
set. Instrument validity is better studied with multiple raters 
to increase generalizability . 
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TABLE 1 

Correlations between teadher ratings 
and puf^ll achievement gains in science 



Sclerice College ^ Combined 

Firpt Occasion Instructor Supervisor Ratings 

_ ' V 

Number of Indicators rated 51 32 33 

■ ■ < ■ ■ ,* ■ . 

Number of significant , 

correlffClORB 19 

Number of competencies rated '11 s ,11^^ 11 

Number'^of significant 

correlations 9 ' 4 9 



The complete paper discusses several related methodological issues 
such as multiple raters and appropriate inferencip *level for obser^ 
vational instrtmients . 
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Tb© difficulties experienced by students in introductory college * 
phyaics courses are welj. known. The problems students encounter 
in such courisfes may accolint tr\ part for t?he recent Interest among 
physics teachers in the character of the cognitive Structures which 
"students possess. The thought processes calTed upo^^ 
Ing physics may be new to, as well/as under-developed in, many . 
students entering college. The difficulties , experienced by many 
in the more abstract sciences and mathematics courses suggests 
that this relationship should be examined. \ 



The thought processes identified by Piaget in chSarac terizing formal 
thought providea useful paradigm to examine such a question, This 
^•esearch exj?mlned the availability among students of a orife to' one 
matching strategy in contrast to a group strategy as these related 
to achievement in physics. Fifty sub jec ts ^enrolled in a physics 
course at the university level participated in the experiment. 
The one to one matching strategy consisted of matching attributes 
of a variable to an individual instance. The group structure on 
the other hand enabled the subject to consldei^^ a population^ within 
which he may be included or excluded on the basis of attributes. 
Avail/ability of these cogAitive structures was determined from 
individual responses to a prepositional logic test. These strate* 
gies were further related to the availabllj^ty of confirming and 
disconf irming stratej^es as exhibited in hypothesis testing 
situations. A modification of the Wesson and Johnsoa-JLalrd - ^ 

four card task was yised for this purpose. It was hypotheq^v^ed, ' 
that a confirming strategy would he used by individual4;> using a - 
one to one matching strategy while those processing the group , ^ 
structure wo\jLd use the dTsconfinning strategy. 

The analysis indicates that ability as measured by the logic test 
is related to achievement' In physics. The correlations between 
logic score and the sum of mid and final term grades was .Ad. 
The correlations between the items (cop junction and disjunction) 
used as a measure of the availability of a matching strategy 
was .39, while, the correlation between the items (implication and 
biconditional) used as admeasure of the availability of a group 
structure was .52. The scores on hypothesis ch^^cking items pro- 
vided a corre'^^.atibn of .54 with group structure items and .15 
with matching ^^trafegy items. 
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The correlations between logic items and the hypothesis checking 
task exceeded those with physics achievement. This sxiggasts 
that students demonstrating the more limited cognitive structures 
may attain at best an average grade while those possessing t^|^ 
more advanced structured may be distributed over the entire^ i^^e 
of grades, with the greatest concentration In the above category. 
The e^stence of certain cognitive structures appears to be a ne- 
cessary condition of achievement in physics- Availability of 
more advanced structures does not provide a sufficient condition 
for. above average achievement . This analysis further suggests that 
introductpry courses may not fully utilize available cognitive 
structures of many students. ' , 
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Recent studies haW shown significant relationships beftveien 
f)hysics achievement and p.erformance on tasks involving the 
analysis of statemente relating to logic structui:es. The»e 
statements have emphasized logical operator's such a^ conjunc- 
tions,^ disjunctions , implications and biconditional sltaations- 
It appears that conjunctions and the inclusive disjunction are 
poorer predictors since nearly all students tested possess the 
structures associated with these tasks. The combined scores 
of the implication and biconditional statements are highly 
predictive as apce the total combined scoresL\A ■ , 

This investigation deals with the observation th^t a very small 
subset of answers or choices are very neTarly equivaljant in 
predictive power to the total .test sdotre. This subset, called 
the "null" set are the included but non-speclf led Items on the 
Implication and, bicondit iotial st;atements. 'It appears that the 
null set ^ consisting of 12 itens, was as nearly predictive of 
success as the 64 Ifem total score. ♦ 

The 8amt>le for this study is comprised of students from similar 
popXilations af first y.^ar university physics students. The 
first group 224 was selected from 500 science majors, enrolled 
in the 1978-79 school year, ^ seqond group of 50 frdm 105 
students in the 1979 summer session, and the third group ^ consist- 
ed of 440 of 77^5 students in the 1979--80 school year majoring 
in engineering 4 

There is a distinctly bimod.al distribution of the scores which 
is h'lghly consistent. Over the three sequential* test periods " 
the distributions for the group of nearly 1600 students are very 
similar . Approximately 15% of the students taking the test miss 
all 12 Items and over. 30% answer them all correctj^jf. 
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Nearly 507o of all the errors on the test were observed to 6ccur 
In this subset of answers. A significant relationship fippedfs to* 
exist between the^total niunber of thesfe Iteni^ missed iand final 
grade, early course wlthdi:aWal and the number of class^dropouts . 

Comparison of tlie lower end of/ the "r.ull" aet distribution .scores ^ 
with iWer grad>fts, D and F, and dropoyts show a Pearson product 
moment' co|:re la (jlon coeffient of .3 which Is statistically signi- 
ficant at: the .001 level.^ These results Indicate students scoring 
low on this 12 Itetn subset test h'^ave a very high probability of 
performing poorly in a unlve^^slty level physics .course. 

Detailed analysis of student behavior when solving extended , logic 
type pfobleips indicated chQse missing many Items'on the null ^^>t 
tended to use i\ one-to-one matching, strategy .while those missing 
ndne or only a few tended to view tvjhe larger ^et of Items as groups 
or in a holistic manner, '^eye did ia^ppear to be a transitional 
state in v>7hlch th<« subject Tised a varying mix of the two strategies 

Very poor performance on th^ "nulr* set apj^ears to lndlt;3te that 
these students generally will earn grades of^C or lowe^r. "Clinical 
Interviews are needed to determine whether th*e use of a matching 
strategy is related to a stud^^nt's strategy for solving physics 
problems . 
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Frequently students who^ successfully complete a developmental ,^ ■ . 
(remedial) science cotjrse encounter difficulties when they , 
subseqUentlx enroll iiV a college* level science course. RetS?pnt ^ 
research suggests such difficulties may be related to^^the'^unava 
ability of certain cognitive schemes. Ou't research exiamtne^^^^fchte ' * \. 
relationship .between ayai lability, of a one-to-one matching^ strir^^t^tgy 
In contrast to a group «tpategy and achieventent In sc ience ^'covjrsa? . *; 
This research, conducted' Smohg forty- four community college develo.(>'T,'' 
mental chemtstt^y students and filfty university physics ^tudeatV-^'. 
provides some explanation for the ' aforementioned dif f iculties -'^w. - 

The instruments used were, a logic tfest ^nd a hypothesis chfeclcing ; ^ 
^task. The corr^l^tifon amOng' the comniunlCy iiollege students be c^teep^*^ 
logic^ test score and developtftental chemistry final bourse gtade'vr;^)? ^ 
.59, comparing wit;h a correlation of .51 between the same logic 
test and final grade in the unlverstiy physics course* The logic 
test wa& then split into two par^ts . The correlation with fina^l 
grade between items (con jurtc tion arxd dts juncti?on) of the , logic test 
used to measure the aVailab^iHty of a one^'to-one matching strategy 
was .53 with'.a median score of 28 6ut of 32^for*the compiunity cplx 
lege students. This -contrasts with, a correlation of .39 .^nd a ^ "V. 
(nedian of 31 €or the university students. The corre|,ation with -^^''^^^ 
final grade between items (implicati6n and bicondltldmal) of the 
logic test used to^measure the^ava^ilability of th^ groi,ip ^strategy 
was i4{> with a median of 19 out of 32 for the community college 
students. In contrast the correlation was. .45. with, a median of 
29 "for the Ciniversity students^ The ^significantly low^r median- 
score for the community college ^|tuden1:s indicates that 'the group 
strategy is not as fully developed among them as among the univer- 
sity students. This contrasts with the individual ntatchlng 
strategy whe^e the mediSins of the two groups are almost equal and 
not significantly different. ' • / 
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The score on a hypothesis checking task provided Correlations of 
.46 with groap structure itema and - .I'O with lndiVidu!ll matching 
Items, yith a piedlah of 1.8 out of 8 f|^r the cummunlty college 
students. This Contrasts vlth correlations' of . 32 and . 15" wlt;h a 
median of 3T6" Tm: " thtr^tinf v ey s 1 fc y -4»^d4^fe^r- 



Tljiiese re^sutts may, pfoylde some insight iV^to the Hifflcultieff > 
eiitountered by students .whert* they complete a developmental Science 
course-and enroll a iull college <?level Qpur^fe* A. large corh- 
ponent of achievement In a developmehtal science cdursa Is mastery " 
of the terminology and vocabulary ojf the scierice,; a necessary '/ 
skill, but one with a. large verbal component. Ih contrast, in 
the college level scdenoe courses, the logical component tends - 
to predominate i,n achievement. Students who do not possess more / 
fCilly developed cognitive structures (those who can utilize oti^e-to- 
ohe matching strategy but not the ^roup structure) are able tp 
successfully complete the developmental /course but encounter diffi- 
culties with the college level courses in science. Those who 
possess the more fully developed stractur^es usually encounter po . 
difficulties with the developmental course .and are, able to function 
in the college level science tipurse as, well - as any other students 
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COGNITIVE jF ACTORS AND-PHYSICS ACHIEVEMENT 

^avid VanHarltngen - 
George Pallrand « . 
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New Brunswick, NJ 08903. 
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Introductory physics courses . at the college level have frequently . 
produced difficult les for many students who had not- encountered 
such frustrations with other academic pub jects . A nuipber of ^ 
studies have attempted to determine whether certain abilities 
distinguish successful*^ students (t^>ose attaining dn^'A" or "B") 
from unsuccessful students (thpse attaining "D" or failing grades). 
Many of these studies have focussed on SAT score'd, basic mathemati- 
cal skills, Piagetian items, prior exposure to science .or mathe- 
matics, j^rade point averages and otiler .broi^ci background varial>les. 

Th|s study focused on determining whether physics achievemeat 
could be related to sets of Cognitive factors covering mathematic- 
al ability, logical reasoning, two spatial dim«fnsions , and verbal ' 
ability. The subjects were 519 students, mostly sophomores >comple| 
ting the first semester of an introduotory calculus-based phy«ics 
course aimed primarily at students majoring in the sciences at ^ 
an eastern state universi-ty. Of these, approximately 857o also 
completed a pretest, consisting of .a three part miS^ithematics test, 
th,ree tests of logical reasoning and three spatial tests. ^AT 
scores were also .obtainable for about 7S% of the subjects. 

Principal components factor analyses were performed using first 
only the independent variables and then including tlxe dependent 
variable (physics achievement) : The total score on three pljiifeslcs 
tests takeh during the semester. 

The first factor analysis 'produced two factors: pne comprised of 
the mathematical tests ^and logical reasohing tests; the. second 
was comprised of the spatial tests. When physics tests were in- 
cluded, they loaded on the same factor as the mat;h and logic 
tests. The* two factors accounted for neatly 607» of the variance 
in the first instance and only slightly less than that in the 
second . * 




A regression analysis was completed u^ing Chd Individual tests 
to determine the contribution of inore^3peclf Ic abilities to 
physics achievement . 

Thirty percent of the variance' In physics score was attributable 
to three tests: The overall math ability/ a 1:0St-of preposition- 
al logic and a test of visualization. When the tests we ire brpl^fjji 
Into subparts, the parts of^the^math test ntost predictive were 
those Invoivlrwg Items from calculus and functional relationships, 
and those from geometry-and trigonometry. Items on tha^ logic test 
involving Implications and biconditional statements were also 
significant predictors. • 



It appears from these results that a loglcal-ma thema tical ability 
is of major importance in succeed^lng in physics, v Our setondar>j^ 
schools and early college courses need to concern themselves wich 
solidifying students mathematical foundations, especially in 
second pnd third year courses and developing logical reasoning 
ability involving conditional statements for students Intending 
to major in the sciences. 
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SCIENCE .EOyCATION AND BILINGUALISM 

Mary Ellen Qulnn ' ' 
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Carolyn Kessler 

University of Texas .at San Antonio 
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The purpose of this paper is t;o present statistical evidence that 
bilingualism has a positive effect on the ability of students to 
formulate scient^ific hypot;heses or solutions to science problems 
and then* to offer a possible explanation for that positive effect 
together with i ts^implica t ioas for science education. An explana- 
tion of the results is based on Piagetian theory. Implications 
of the study apply to language as well a^ scie'rtce education . 

The subjects who formed the sample of this investigation were 
sixth grade students in six intact classrooms. One treatment 
and one control group were monolingual English-speaking children 
from an upper socio- ecoaiomic area in suburban Philadelphia , t 
Pennsylvania. Another t^:eatment gnd control group came from 
a low socio-economic area in South Philadelphia. Of this group, 

^one section was monolingual English-speaking, another section . 
was Italian-English bilingual. The third group consisted of * 
Spanish-English bilinguals in a very Icjw socio-economic area pf^ 
San Antonio, Texas. All of the last group had participated in 
bilingual education programs duping primary grades,. dn opportun- 

-ity which had not been available to the Philadelphia bilingual 
Children. " . ' . 

All subjects in the treatment groups partjLctpa ted in a series of 
twelVe pcience inquiry film sessions aad six discussion sessions, 
each 40 minutes in length. Each film session, based oh a three- 
minute ^ilm loop depicting a single physical science problem, i 

ended with the students wrl ting ^as many hypotheses as. -they_^^ 

in a rigorously controlled twelve minute period. The individual 
papers were then scored u&inrg t?he Hypothesis Quality Scale ..develop 
ed by Quinn (1975). At the end of the 18-lesson instructional 
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period, a new aeries of hypotheses was elicited and scores from 
these were used as thrf criterion variable. Analysis of covariance 
, was then used to compare the following: Treatment with control 
groups, socio-economic groups and monolingual wijrh bilingual groups 
of children/ j 

A modification of Campbell and Stanley's Design Twe^lve (1963) was 
employed- with analysis of cov'ariance. Before being given any in- 
structi^on In hypothesis formation, students in the tht/ee control 
groups/ were testecl on the criterion variable. In eff^t, thlg 
mean-t that each control group constituted a non- treatment group, 
a technique perndtted by Campbell and Stanley's Design Twelve ^ 
when its assumptions are met. Those assumptions were met in thi?? 

-study . Instruction in hypothesiiJ formation preceded the cri{:erion 
variable test for "the t^reatment groups. The Hypothesis Quality 

• Scale proved to possess an intecjudge reliability coefficient of 
0.94 when tested by the Nash-Beyers interjudge reliability compu-^ 
ter program based on VHner (1962). 

Results indicate that the treatment groups performed significantly 
better thi^n the control '^groups . There was no significant difference 
between the socio-economic groups. The bilingual chlldreii performed 
significantly better than the monolingual children at brjtti high and 
low socio-economic levels . 

PLaget's theory of internal conceptual development offers explana- 
tory power lor the observed differences between Jthe monolingual 
children and the bilingual children of tj;\is study since the ^bi- 
linguals apparently experience more fully the conceptual conflic-t 
that triggers accommodations in cognitive development, a position 
that would account for the superior scores 'of . the bilingual 
children. 

The resi^lts reported here have Implications for science education 
as well a^s language e<kica^iion. They suggest, among o^ther thingi^ 
that students educa teatrT more than one language will be better 
science problem-solvers than thei^ monolingual peers^ For science 
educiators at all levels this could mean the act ive . seeking of 
bilingual students. This 'could in turn mean a closer working rela- 
tionship between language and science educatv:>rs. 
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The purpose of this investigation was to examine the^relftions 
among the predictor variables, verbal ability, academic self- 
concept, and academic locus of control and the criterion vari- 
able, achievement, i , e . , ,overaIl academic, science, and mathema- 
tics achievement. Pfevious studies (Jordan, 1979; Jordan And 
Jacobowitz, 1979) conducted at Project City Science with black, 
inniercity adolescents' showed that academic self-concept was more 
predictive of academic achievement in boys than in girla^ 
'Similar trend occurred in science and mathematics achievement. - 
Furthermore, there were no significant ctoss-sex differences in 
academic self-concept. That is, although both boys and gitls 
held similar perceptions of their academic capabilities, the 
relation between these se-l f-perc8ptions and achievement variables 
was signif icant?^y stronger for boys than f&r girls. What , accounts 
for this discrepancy? From ongoing classroom observations^ we 
noted tha4: teachers demonstrated differential reinforcement 
patterns. Girls were generally reinforced for more stereot jfl^ic 
verbal behav.ior, while boys were reinforced for mote resflity- - - 
based, si tuation-speci'f ic behavi«>rs. For example, in sci-^nce 
classes bo-ys were reinforced for *'hands-on^* as well as verbal ^ 
skills, while girls were only rewarded for verbal performance. 
Though girls perceived that they co^ld perform ^cademically., tjiey 
may not .have felt ihey possessed control ova4f ^actual ach^vement. 



Hcrtice, the critical affectiy^ variable in addition to academic 
8e}.f-concdpt is academic locus of control. Consequently-, a 
measure of this variable was included as a predictor to explain 
this sex difference, * . 

- 

Three Instruments were administered 6n a group basis to 229 
Ol 08 males and 121 fem<ale8) black eighth grrade innercity students: 
The , Self - concept oT Acjademic Ability Scale , the In tellecftual 
Achievement Responsibility Sc^le y ^onc ^ the Peabody Picture Vbcyerbu - 
lary Test « Overall grade point average, science, and matheii^atics 
jjrades were the criterion measures. To mfnlmize reading problems, 
all instructions and items were read aloud. 

Both commonality and multiple regression procedures were employed 
la' the da tn .analyses . These data were analyzed separately by sex. 

Some s.alient findings were: , 

1. Verbal ability in combiniation with academic selfr , 
concept and locus of conttol contributed signi- 
ficant proportions of vajrlanc^ to overall §ca<Jemic 

as well as science and mathematics achievement 
. i for bcjfh sfexes; ' ^ , 

2. For boys, all three Independent variables contributed 
significant proportions of unique variance to overall 
academic achievement. For girls, only verbal ablli ty ^ 

. and academic self-concept contributed significant pro- 
portions . 

3. Academic locus of control was not a significant pre- 
did tor of science achievement for either sex. How- 
ever, it was a significant predictor of tfia thematlcs 
achievement in boy^ . ^ , ■ 

Our hypothesis that academic locus of control would explain the sex 
dls'crepancy in relations between the affective and achievement varl 
ables was not substantiated. Results indicated that for females, 
locus of control wa^ not a signi f leant ''^edic tor of achievement. 
However, for males, it was a potent predictor for overall as well 
as mathematics achievement. These intermedia te - resul ts suggest 
a need for differential reinforcement for the two sexes.. While 
enhancement of academic locvis of control may lead to higher achieve 
ment for males^ it' h&e no effect on females. In future analyses 
' of these data we need to contrpl £or the effects of verbal ability, 
and to examine further sex differences. 
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THE ANALYSIS OF A TAILOR-MADE CURRICULUM 
ANP ITS IMPACT UPO^ 5TH AND 6TH QRADE MINORITIES 

AND FE^^ALE CHILDREN 

~ Westbrook. A, Walkiar 

, ' Arizona State University 

Tempe, AZ 8^5281 

R ationale and Objectlves ^^ 

Science Is taught In elementary schools to bring about pupil 
growth In the cognitive, affective and psychomotor domalnia of 
knowledge. Belsenh^rtz (1975) stated that In most classrooms 
a major part of the schooL day Is spent with language .arts and 
mathematics being taught as mechanical^ states with little or no 
deviation in approach from day to day. Now science^ is slowly 
being Integrated lnt;o xhat mode causing children to Ipse interest 
Li\ the process of sclenclng. Walker (1^73) found that: 

the use of a vftrlety of strategies employed in 
science teaching ofiEered the participants the pro- 
cedural option of selecting and utilizing a specific 
.strategy for his/her own learning style; 

the application of a "tallor-mad6" instructional 
sequence imptove'd the abilities ojE minority and cul- 
turally different leaarners when dlrdct, specific verbal 
insXruct ions were stated in the l^anguage of their 

environment; and, ' ^ 

t ■ • 

the use of section verbs to articulate a ^specific 
objective prove'd effective in increasing the partici- 
pant's ability* to achieve. 
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The purposes of this study were: 

!• to develop an embryo'hlc structure for an experimental 
Instructional technique in science so that the design 
And philosophy i>ncourago the use of varied teaching 
techniques in meeting the need of a part i(;ipa ting 
learner; 

2. to measure any positive increase In perf ohi\an,ce or any 
fluctuation in porfonnance resulting from the use^of 
- the technique; and^ 



3* t:o develop and evaluate an irtBtrument by use of a 
particular technique for isolj^atlng other variables 



M e t h o do 1 o^y '^a i:\ d D e^s^l g n 

Sixty-seven elementary children f rOm. one school wer.e i^aed irt a 
large gtoup setting from an inner city area. The sample consisted 
of ^1 fifth grade and sixth grade youngs ters , all divided 
.Into three classes. This sample included six Mexican-Americans, 
one whipe TXnf ^oracan , and sixty black Americans. All volunteered 
to part(icipa ,e in the study. The behavioral, skills to be develop- 
ed in the study were dls t in^ ui|shin};; and ^nanipulatlng . ' The pro- 



cessess used 



to engender these, behaviors were: 



(a) te^am teaching 

(b) individualized instruction 

(c) programmed ins tvuct ion 

„ ' ^ (d)' laboratory-oriented instruction 

X The media selection included. Instructional television, video-tape 
recording, electromagnetic tape-recordings and 16-mlllimeter films. 

The design used for this study was a one group preteSt-posttes t 
time series design which utilized multiple measurement processes 
on th»e experimental group and introduced continual treatments 
during the time^, series of measurement. Stanley and Campbell (1963) 
diagrams this in the following fashion: 

, O2 O3 O4 X O3 0^ O7 Og 



^Instruments and Data 

The evaluation instruments were^.composed of fifteen 8 x 10'* high- 
•glossed magneti| photograms produced by .a photographic chemical 
process. 
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thu Ilexes of force captured on the magnetic photograms were 
produced by manipulating magneta beneath photographic papc^r / 
sandwiched between two clear sheets of ple'xiglasa. Iron fillings 
were sprinkled on the plexiglass producing the lines of forces 
to be reproduced by the Learner • . Written questions were devel- 
oped for the study to acitompany a^plctorial diagram oj^randomly 
arranged particles*' DraA^rings of symnietrically arranged particles*' 
were also designed to explain magnetized and non-magnetized 
substances . 

The statis^cal tests ivaed on data collected were the analysis of 
variance, J^aTysis of a multivariate linear model, and the uni- 
varlacV and' multivariate analysis of variance, covariance find 
regression for trend analysis. 



Resyilts and Cone liA^lons , ^ 

The tests of the mill hypx)theses stated for the study resulted in 
the rejection of Certain hypotheses. On measurements 0^^ * * '* ^8 
tests of galAs were iT]iade arid we;re significant at the 
,01 level. Repeated measures, between groups and'^by groups were 
all significant at p * .0001. ^There was mean achievement 'in 
observation which showed significance at the .01 level. Language 
usage proved significant at the .01 level. The posttest showed no 
significaat diffi^rence for all groups.-^ Correlations showed that 
the participanps Were able to solve problems withouj: being excel- 
lent readers. Correlations between language usage and concept 
developing skills were positive and slgaif leant at the ,05 level. 

\ 

Moreover, the study concluded that the difference in use- of the 
strategies provided in chi-s gtudy offered the participants of the 
study procedural options of selecting and utilizing the^ strate- 
gies which were suitable fot theii;; learning styles; the.use of 
nonverbal instri.iment:s allowed for cultural freedom, and achievement 
was significant . 
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^ ANALOGIC MODELS IN TH? L^BORAXOR^ EXERCISE: 

* 

ONE METHOD FOR TEACHING TO THINK 
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Recent writings in educational and science philosophy and In 
educational psydholojjy have begun to focus, upon the very acti- 
vities that represent how thinking begins, and h9w this thinking 
manifests itself in the creation of fhe various disciplines of 
man's tnbellec tual endeavors- The pjroducts of this thinking 
Wit^hin the various disciplines are* the sorting systems which 
become the conceptual and methodological means by which quesi^tions 
are posed and answered within that discipline. The works of 
.Elkana, Kuhn, Toulmin, and others in science philosophy stress 
that the purposeful. activity of conceptual construction is uni- 
quely dependent upon the cognitive "goggles** of the knowledge 
creator. Ausubel and Novak have articulated a cognitive^ theory 
of learning which demonstrates how concepts' are. learned and how 
these concepts become the subsumers so that^ new concepts can be 
learned meaningfully. Belth, in an attempt to articulate the 
models of a discipline of education, has defined the act ot 
thinking as metaphorizlng or analogizing. The teaching models, 
deducible from Belth* s theory of the discipline, become the 
sorting systems by which the teacher and -student can "see'' the 
btructute of a piece of knowledge, how that knowledge is created'- 
an(^ how el!v^t knowledge cah later be changed or transformed to' 
form new types of knowledge. 

This paper attempts to show how these various avenues of concern 
from .philosophy and p^s-vcholoj^^y can be merged together, to form 
a coherent theory of .teaching and learning. As an ejcample of 
this/the ]Labotatory ^exercise is shown to be a paradigm case of ^ . 
the theory, and a jneans by which students can be taught to think> 
The labbratory e^^^rcis^, thought prfviously to demoRstrate Qnlj ' 
the *'piroc^^3s" of science^ cain now be used^to dei^ohs trate ^a f^cet 
pf the fconcep^tu^il nat;ure of scien^^ and; to ^teath stxjidpnts that the 
con3{;ruction of a)E\ experimental .4esigii, represents ^v-a' particular 
kind of 'analogy , one^that is based itpon^ the^ ideas that what h»ppen§ 
ir; th^e .laboratory is an analogue of what occurs /in naetire// Al^6-'^ , 
pdoit^il^ evidence front aVctual classroom expeiriences: -^^tttrh^ tliis- 
teaching strategy will b^e <Jil3cus86dv ' '"^ ; ^ ' • 
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EFFECTS OF DIAGNOSTIC TE^IM3 ON ACHIEVEMENT, RETENTION, 
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Objectives 

The purpose of this study was to determine if achievement of 
high school biology students and att itudes toward the topic 
were affected by using diagnostic tests. 



Rational e 

The goals of/ mastery learning would be endorsed by most teachers 
but impleraenVing a mastery learning program is difficult. Implied 
in the mas teryT:t:arning model 'is pVe-testlng, instruction based 
on test results, posttes ting., with r.eteach:(,ng and, rete^ttng con- 
tinuing until an acceptable mastery level has been obtained. The 
logistics of such a system are beyond the capability of most 
teachers. \ 

Writers (Brahdt , 1976 ; Okey, Brown, Fiel, 1972) hav^ advocated 
beginning to ihiplement ''the mastery learning model In a manage- ^ 
able way, Suggestions include beginning with one or two units 
or allowing $tu4^ts to manage scoring chores 

A,,nbth«:t rfpproact) is ^fe-p determine which elements of the mastery 
l«ia<^nlng 4>rogram ai'e tf^^tical to its effectiveness. Diagnostic 
testing has ^befen ^postulat>^d as the key_element of the program 
(Okey /JL974'; Aira&ian, 19/1*0. Diagr^pstic testing has been shown 
^> to incre^a^e • achiev'enient in science instruction in several studies 
\at; J:he mijCWi^/schbol jand collWeti.4evel ^Saunders , 1978; Yeany , 
'06s t . ahd Ma t thews i onsequeatly, .this study was undertaken 

^tbnxjeCeniBiirte If (diagnostic "'^^ would affect achievement among 

s q hpo X ^ s t u 4^ n t s : ^ > ^ 



Methods - . , 

■ . *■ » 

The subjecta in the. study were 37 tenth grade students in two 
Survey of Biology classes. Because studertts were, assigned by 
comfJUter to classes, no systematic difference existed between 

them. One^class was randomly chosen. as*/the treatment group. 

• ^ ■ ; ^ t 

The^ treatment^ sp/Snned three two-week units/ The same methods 
were uaed In each class except that one received only objec- 
tives * for »tht- unit while the other also took dlqgnostlc 'tests 
overdone to thr^ee days insti^uct ion . Five to ten minutes were 
reqiiired for 6ach teSt ' inc luding , scoring, by the students; re- 
sults' were not known to the teacher. 

Students took a ^uriunatiye t^pst over each unit and a compr^en- 
'^Bive test two weeks al'cer the experlem^nt. 'the teacher-made 
objective tests were validated against unit objectives. Reli- 
abilities for t^e four tests were .87, .85, .85 and .81, re- 
spectively. 

Attitudes were assessed with a questionnaire consisting of 
statements Which the studands rated on a five-point scale from 
strongly disagreed Sco'res represented the sum of the. values 
for cill Items with\ posit ive values being rated 5., Alpha reli- 
ability for this me&sure was .65. 

An analysis- of v^irl ancia was complete^Jgpn each set o'f data. 



Results 

Group means for the C i ' t^b tests -were nearly ^Identical . On 
the third suimxatlve test and on the retention test there were 
significant differences in achievement favoring t+ie treatment 
group. 

There also were slight but signijfic^nt differences In attitude 
favoring the treatment group. > ^ 

Conclusions 

^ . . ^ ♦ 

This study did stiow th^t* cliagnostic testing increased achieve- 
ment among biology students. lAs in studij^s with students ^t 
other levels > the, efvfefcts were not immediately apparent. Some 
time m^y* be necessary ^i^r students'* to become convinced that 
testing really helps. ^ ' * 

Attitude ciiffet'enc^S W<^i^ei,h«mal I Jput deairable. It doos seem 
reasonable tha t • station ts/wht?) do'^'weU will have positi\ne atjii- 
tudes, even though t{\{,g .effefit'has not been d^morj;t5tr'aCed'tcoa- 
sistentlyj. ^ " ' \ - 



It .iQ encouraging th^t a relatively simp^lf procedure such as 
u^lng the short diagnostic teats several tiroes each week'can 
Increase achievement. However, t\xy stui^ly has shown that the 
effects would persist if the treatment Were maintained for a 
longer period, . . 




Airasian, P. W 
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AN ANALYSIS OF METRIC AC^^l^Bi^^^^K^ 



* ^ . USir^G TWO MODES OF COMPUTER ' INSTRUCTION 
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The potential for effective instruction via the computer medium 
has been substantially ^'tlemonstrated (LinabuVg, Mf|rshatr, Gaston 
and Sno;dgrags/l974; Strickland, 1979a '^Strickland, 197% ; Okey 
and Majer,^ i976r'Dueli a^d Smith, ^ 1973)^ Since ;th6 use of com- 
puters in some form seems judicious , the . qu^s t ^fpj' refinements 
might, then be^^he next* plateau. • ^ ^ ^ 

The ^^al of 'thi$ research was to examine the ef ^c tivenes.s of two 
instructional modes usingj th,e PLATO IV "computgir system in deli- 
vering metric instruction to upper division collgge stud^ntsj,. 
Th^ two modes selected were: • ^ / \ 

1) ""a linear intera&tive' instructional' mode. . * * \ ' ' 

(e.g., drill and practice); 'and, * 

2) a branchingHnterattive mode 

■ {e.g. tutorial,) ."^ . • ' , 

■ ■ ' . .. ' . ^ ' ' . . 

Ninety subjects were randomly assigned to <>ne of^ chre^ tfeatiftfenfe 

groups tKe two computer instruct ioVia,]L n^des , acid^- a^' plac,eVo 

group. Subjects were administered an attitudinal measure (related 

to computer^)^, a metric pre'test?*, ahd d short-term memory Cest 

prior to instruction. All groups receded a posttest measure 

evaluating metric achievement .\ ^ ^ » • * 

.Comp'ariSon 'Of performances on posttest scores indicated av^signl- - . 
.ficant difference between the p*lacebq and the experimen'i:9l"groups., 
moreover the branching interactive mode, proved to' be /signlf icarirt ly. 
it>Ote effective in alV^t^litg the'^subjects'' ^metric* achievement , ^n' 
additjlbn, the , subjects expetriencing ^th6 branc*hing' interactive , , 
mode >displayed a n%>re' positive change in' at titude* toward computer^ 



This research indicates L\\j\t continued exploration artd roftne- 
ipents of computer Curriculum materials are needed. Addit ionally>, 
the i*esul ts indicated, the presence of i^nterac t ions between selected 
leftrner' aptitudes and the instructional treatments. The plausibility 
of these results point the way for further exploration, . 



\ * . " 
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Presiding: James Okey 
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Topic: Crises In Science Exlucdtion ' * 



Speakers: ' ^ ' - ' ^ ^ ■ ^ 

Robert E. Yager ' John WT.; Renner 

University of Iowa ' • University of -Oklahoftiao.. ; v 

^ Iowa City, lA 52242 ^ Jlorman, OK 73069 ] ' 

' Rodger Byb^e ^ James, J , .p:Al^firg|her : ^ 



Cai^Ieton College Michigan S ta te ' Unlve/si ty 

/ 



Northfleld, MN 55057 ■ Lansing, MI 48824 



Science educat<i^n needs Constant reS^raisal to d^temine its 
'alignineat. with the reqairQij|eiits of the people it served. The 
pro-fesSion must res-jwid co. new demrands as it hl^s .periodically' 
i^n the piist . ^ • • 

The problems "of sot:iety are.y'astly different today and the 
conations affecting them are changing more rapidly itfjithe \ 
current^ agia than 'they ever hfi^v^ in, the past., Thq publ:]^^:^ is 
cQ^ifronted with' jnany science related s6cl,al issues arid^ ^h^ir v 
understandings erf these issues will determine^ the abit^ity 
ffbciety bo respond"^ Effectively,. The sciepce of ' cKe' 1970 ^ $ anJ* 
80*3 i^ ^iifferent .thart\4.t was preyio^jftel^V'^ Hence with social 
conditionjS (society) and science in a period o^f significant 
change, science education mu^s t 'resp.orxi ; i t cannot be static. 
Clearly, some n^w directions, for, science education *ar0* needed. . 



THE RELATIONSHIP BETWEEN STUDENTS' ATTITUDE AND 
ACHIEVEMENT IN CHi;:>l.tSTRY AND CLASSROOM LEARNING ENVIRONMENT 



Avt -Hofstei^n 

University of Iowa «> * 
<> Iowa City, lA '32242 

Ruth Ben-Zvi ■ 

The Weizmann Irffetltute 
Rehovot , Israel 



• {^a't;'lonare and O bjectives - ^ 

Getzels and Thelen (1 presented a framew.oi^k for the analysis 

of the school ^ classroom as a unique social system, ./rh&y suggest, 
ed that classroom climate is a variable wliich can interact -with, 
as well as predict, both achievement and attitudes of students. 

'An Important , contribution to the understanding of the role of 
the learning enviroruni^nt was made -by Anderson and Walberg (1968^ 
in \;>hlch measure of classroom social climate was developed and 
, validated '(L,E, I . ;' learning Environmental Inventory) in connec- 
tion with the Har;vard Project Physics (Welch, 1973). ^ . 



/e^Tt 



This study was conducted In order to invesT?f gat>e ' the assumption 
that stfident attitude and achievement in chemi^try is 'related 
"to, and can be ^predicted by their /jJerception of the .iearning^ 
-environment of their chemistry classroom. - ^ ^ 



Instruments and Methodology 



A jnddlfled/Hebrew y;e^sio'n of the L,E.I. ^was used in this study". 
Whenever possible, a chemistry notation was given to the item, 
13 scales (out of 15) were usftik'* dLfflcufty, speed, a|)alhy,^ 
satisfaction, cohesiveness , disorganization, competitiveness, . 
diversity, democracy , friction , goal direction, and f^voritlmn 



In order to measvire 3 tudent attitude towards chemistry, the 
eemantlc Uif ferentia*! technique was used (Osgood, et al, 197 5)/ 
The Inventory consisted of 20 (7 point rating) scales on the 
concept chemistry. The number of variables waa^^reduced by a 
factor analytic technique* Four tactorgi were extracted and 
used as measures of student attitude towards chemistry: 

' ■ ■ ' > 

Factor . I ' Attractive and Exciting ' - 

, Factor II ' Cleai: acid Understandable 
Factor III Tl^cessary and Useful 
Factor IV - - . Inexact and Coniuslng^ 

The acHievemerTt" 'test c of 25 multij>le choice items 

designed to test students knowledge in chemistry at the end of 
the eleventfi grade (oC Cronbach - 0.86). • 

The L. ^1., I attitude jand . achievement test 'were given to 400 
eleventh gra:<le (age J^"-) students .from 12 -tla^s^as In eight 
Israeli high schools. All p tudents' were Ip their second year of 
chefnlstry learning, studying the same. high school cKemistry 
curricula , * - . 



Res^Orlts and Discussion ■ 

In order to dietermine the association between the two sets of 
variables a canonical correlation analysis was conducted. Tx^;o 
signiflcaat: -canonical correlations were- obtained 0.48 and 0.41 

(p ^ o.opi) 

After rotation, these canonical analyses revealed the followTng 
pattern: • - ' - 

' , First Canonical Vartate • * ^ 

Le^fiynlng eTjylromment variables 

Kigh goal direction j (high .attractive and exciting 
high satisfaction 7 < hlgK necessary and ugeful 

low . disbrganlzatldn ) ^high clear an4 understandable 

^cond Canonical Vai:ilite* \ ' 



high difhcu^Vy") / 
hlgli frictloiT 4 i (low 7"^ 
hi^h spe^d^ I i " 



eleair and understandable 



The two can'onica I . vjiriates obtained, support rjie assumption tha t 
certain a9^et:t5; of^Pfie classroom learninj^ eftvironment can predict 
student at-tltu^iea toward chemistry^ . 



A/ multiply regression analysis was used in order to determinfi 
the relationship between achievement; as the dependent variable, 
and the'L,E,I, scales as independent variables. The regression 
analysis implied tViat six scales of the L.E.I. (f rictlon , con\- 
^etitlveness , diversity, apathy, difficulty and coheslvaness ) 
account for substantial variance (about 257o) in the measure of 
student achievement in chemistry. 



Sumniarv 



On_€i_ of the mos t impor^^^^^ goals pf science educatipn^ i^^^ the _ 
fostering of a positive attitude towards science as well as 
increasing student athlevement. From the results obtained 
In this research, It seems that creating a positive classroom- 
atmosphere can eitjiance • s ti^dent altitudes towardS science and 
their achievement in science. ^ * ' 
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STUDIES OF SCIENCE STUDENT ROLE SPECIFIC SELF-CONCEPT 
AND PERCEPTIONS OF BEHAVIOR 



■ . ■ Ken Peterson 

Don Kauchf.k 

University of Utah • t 
Salt Lake City, UT 84112 

-A series of studies assessing science students' role specific 
self-concept and peivcept l^ons of behavior was completfed using a 
computer scored double Q-sort in's t rumen t . The Q-sort consists 
ot 20 behavioral, items which Ss sort first to describe ideal 
science student behavior and then again to describe themselves. 
Computer assisted scoring consi§^s of rank order correlation 
coefficient between the two -soVts — (a measure of self-concept)' 
and group j-^rofiles of mean item ranks .^-^e sorts Vere adminis- 
tered to over 800 eighth, tenth, and twelfth grade science 
.students In the U.S. and Israel. 

Self -concep*t levels were fotind to vary by course, class success, 
gender, and indlviidual classrooms at the end of courses. Tenth 
' grade , (mainly biolo&y students) had the lowest levels, with 
eighth graders >^nd ^senl^ors having similar higher levels. The 
strongest relationship was found between clasat success, as mea- 
sured by course g,rade, and self-concept. A nearly linear rela- 
tionship w^s found, .with self-concept increJfclng with higher 
'letter grade. * No statistically significant self-coVicept differ-' 
•nces were found between genders. Significant differences were 
found among classes of similar gfade. level, course, gender and 
grade ilistribuLion . Igraoli students were found to have signi- 
ficantly lower se -concept levels than their U.S. counterparts. 

Statistical differences in the meart ranking of sTpecif ic items 
for a posftest administration were also found between countries 
and . accordinjf to cpvtrse, success , gehder an4 among sinitar 
classes . ' > > 
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The relationship between success and aelf-concopt is to be 
expected. The variation f^mong courses and aged could be ex- 
j4alned by two factors: development and e€\lectlon. The young- 
/cr. students base less of their self-conoept on course success 
aAd take other factors into account. .Sophomores regard grades ^ 
more serib^isly, in terms of self-esteem, apparently as mbch as ^ 
do the seniors. However, the seniors (maJlnly physics students) 
are a much more select group (both^ delf- f*?^<l institutional- 
selected) in terms of school success and aptitude. Perhaps 
some students are enabled^to highfer success by positive feelings 
of self, while other students^ self-concept is nurtured by their 
- success . Intervlews-mlght-clari^y. these poaaibilitiea in t6rms. 
of cause-effect. 

V 

While 'previou$ ^ authors 'suggest that genders vary in attitudes 
--^about science, we found no significant differences. Perhaps 
the general more favorable attitu<ies of females to school .work 
counterbalances some less positive science attitudes. Specific 
pejrceptual item differences in mean rank by gender, success, 
and course suggest tlfat stucients do perceive classroom* life and 
performance differenrly according to those factors. The between 
country differences may be explained more by cultural differences, 
in criticism than" by actual less good feelings about self. 

Other results of significance to science teachers are that stu- 
dents continue'^o rank typical school Work behaviors hlgh,er than 
science related behaviors. For example, the number one ranked 
item by every jrlassroom on which data were g^ather^d was '^completes 
.\^all homework." Items emphasizing inquiry weVe consistently rank- 
ed low^r^ At the same time, students ranked classroom environ- 
ment and cooperation I'teuis highly. 
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Ob;jectlve8^ and Rationale 



Two variables, test anxiety and testing cues,* appear to 'contri-'' 
btute to science test performance. Hall and Hinkle' (1972)' maintain 
t^hat many students £M.l tests -because oE the anxiety aroused by * 
the presence of certrnin^ cues in, the.>testlng situation. Wine 
(1971) has 'suggested' L*h£it: the tinxiety experienaed by students * 
depends on two variables: The general tendency to b^conte ^anx- 
ious in a testing situation ( trait- test anxj^ety) and the presence 
or abseflce o'f specific testing cues^ or* stimlui. Wine fras further 
suggested that nigh test anxious. students (HTA) should attenci to 
disruptive cues -wh^ph interfere with test; per f oririanc^, whereas 
low test anxious (LfA) students should attend to hel^ul cue§^ 
-which facilitate test perforpiance. Since a compilatiotv^ of dls- 
KUf^tive and helpful testing' Sufed^ hag only rece,r)t ly becohie 
available (Kerrnts , 1979), research examining the interaction 
between the trait of test ^arjxiety and specific testing cufes ht(s 
not b^en perfoni^ed. Hence, this, study, was designed' to examine 
the influence of - tes t^nxiety ^high and low) and testing cues 
(disruptive and help^o^ii^^ on science test scores of geology 
student's. * * . . 

Methodology and Design , ^ " ^* .^^.^J*- 

Subjects were 28 undergradulites enrolled in physical geology. 
An initial randomized design that was counterbalanced' on test 
content and test form (disruptive 5nd helpful' ^ues) revealed 
tha^ neither test oontent nor the order in yhich th# jEonp of the 
the^fests wer6 administered (disruptive test befotre helpful 



<50r ,Vlfl(cj verda) h^id any ef fect on subjeats' perf ommnces • There- 
w-^jEore, the design was reducecl to a *'postte3t-only design'* (Camp- 
bell and Stanley, 1963), In wh;jLci;|i there were two^ levels of trait 
teat anxtety (IfrA and LTA) and two levels^ of teating cues (dis- 
ruptive t|i^<Ji helpful). Subjects were r^p^tedly measured , "once 
oia a test^ with disruptive cues and ligain a!i> a test with helpfu\ 
cues . ' , ^ ' 



Jhe S^tiihe-Trait 'Anxiety Tnveintory (Spielberger , Grj^such, and 
CusTjerie, X})70) was given to the students to clas^fy them acgord- 
/•irtg .fcq tire, trait of test anxicrtV (HTA or LTA^-. - The dj[.iferent 
geology tests, with disruptive and ^helpful cu<5fi added (Ken\ils,<, 
1,979), were judged equiv^ilent on the basis of^content <jif f iauri:)^ 
and scope by two,,lndepenjd<3nt expertj^;. A 2 x 2 anf^lysis of vet^ ' 
lance (ANOVA) for repe^at'ed mejisures' was used (BeniTeil^ and Frank- 
lin, 1963).^ An^ alpha levei^ of .05 vOas- set for ^ignlf icant:e 
testing. ' 



Rei^ults and Conclusions ' ... 

_____ — . . , 

The r<5s$ults of the^ 2 x 2 AMGkV\ (HTAi and LTA xMtsruptive and 
helpL;«gl testing cues) revealed significant test anxiety ijiain ' 
effect £f(1,26) = .OSj with low test anxious students 

outperforming high test anxious stu4ent:s. J^either the test-,. 
Ing c:lie main effect nor the tes^^mxiVt^y X testing ciie inter- 
action were significant. Tl^e results support the hypothesis ^ 
that hlgli test anxiety retards performance. This implievS tha t 
tencliers shoulM take every precaution to reduce ^test einxle't;y 
in their s tudeats Since the constraints of the e:?^pertmental 
setting, precluded, the use oi the mqs't did^jrUptive and helpful 
cues (Kerfhi^, 1979) t;he question for further research remains: 
Do HTA students attenc^ to disruptive tes^ting cues while , their 
LTA counterparts {itteiid to helpful testing, cues? 
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CONCURRENT SESSIOn'e 



Session E-2 Techtiiques and Procedures ^of Research .i 



Topic: Explained Variance: Its Importance and 

Techniques for Calculation 



Ron Good 

Florida State University 
Tallahassee, FL 32306 



\ 



Knowledge of the magnitude of Che effect(s) of art expeif imental 
slfudy in science education should be of utmost concern po re- 
searchers^ in" the field, but it is not being reported by the 
authors of papers in *JRST. ^Working on the aigfpmnption trhat the 
reason for the failure to t^epprt the magrlitude of effect (s)' of 
expferimeatal studies in JRST is^a'gneeral lack of knowledge of 
its importance and how it cah be calculated, this session des- 
cribes the concept of "explained variance" in analysis of vari^ 
ance designs and then explains how it can , be calculated. and ' ^ 
reported . . / - 

Reporting the magnitude o^ effect(s) of an experimental study in 
science education allo^^^s one to assess the ptactical signifi*/ . 
cance of the research. Traditionally, reliability figures in 
the form of alph*a levels (.05,*etc\) and probabability- values 
(•25, ^10, *05, *01, etp.) have been useli in reporting the 
"significance** of a piece of experimental research. The limi- 
tations* of this practice are ^sily seen when magnitude of 
effect(s) is considered. 



Three ijpdic^s fbr estim^tl^ig magnitude bf"effect(s) are eta- 
squared, epsilon-sqiiaredjA^nd omega-squared and in this session 
the last index is used .in some detail to illustrate' techniques 
for calculating its value in various ANOVA ensigns in science " 
education research. ' . « 
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THE DEVBlaPMEl^ AND VALIDATION OF 
A GROUP :rEST LOGICAL THINKING 



Keinneth G- Tobln 
William C^pie 

University of Georgia 
Athens, GA 30602 



Purpose . w 

The purpose of this study was to constvuct peficll and -paper 
measure of fonnal reasoning with high validity and reliability 



Procedures 

Selected item& from a r.est devjeloped by Lawson (1978)' ^ere a 
b.nsis .for dovelopitig t:he initial version of the Test of Lc^gical 
think:(ng (TOLT), Two items were selected t;o measure ^ach of 
.five modejs of formal, reasonihg: ^ Propovtional ' reasoning , combinr 
atorial reasoning, probabilistic.,reasaning, correlational reason- 
ing and controlling variables . The test incorporated demonstra- 
tions ,and students selected a corviect response frdm a number of ^ 
alternati>>es and provided written justification for tJheir selec- . 
tion/ The t;est wa^ administered to a- sf^iniple of lOZ students in. 
grades ^ through 11. - , • ^ 

Although tH^t reliability (Cronbach's^ = . 74> was reasonabl^y 
high several factors were reducing vla^lidity. One concern wad 
having sfcud^ts provide written expLanat ions for the selected , 
response. TOe test was modified so' 'that mu|.tiple justif icatloni 
were ptov.ided sis well 6:s' multiple solutions for each problem. . 
Reasons that V\ad been volunteered by sbbjectg on the fir^t version 
of TOLT weVe modified and incorporated Into tfie t;est ^ A correct-, 
solution requii^ed selection Of the torrec t response and tKe best/ 
iustif icattori . ' - . ' 

Video-taped demonstrations have minimized reading difficulties 
..and^rea^ed a*- standard . admini^tratian procedure. J Fdrty minutes 
aue inquired to administer thtt test.^ ' , \ ; 

Evldetlce of ><^icurrent validity was obtaiijed from a - comparison \ 
qf TOLT pet£ortiiance by,^.25 college?^^^ with perfcrtnanC:e on " 

5 interviews designed ^tp meosure pjcoportlVna I reason tiig, combifi- 
ato^l^l: reasoning, probabilistic .reasoning, corr^^lational reaso<i- 

ing and controlling variables ^ ^ ; - v; * 
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An estimate of the predictive validity of TQLT wad obtalneii froi;n 
a sample of 222 stadents from grades 7 and 8 science classes. ^ 
Performance on TOLT wa^ correlated with science prdcttss achieve- . 
ment* \ 

Factor analysts was used to obtain^ evidence cf f tlitf^const ruct 
validity of the test. TX)LT scores ftom 22 s tutien ts f T:om *jnrad^QS 
7 and 8 and 129 college students enrolled* in int roductory^|^bt*::^/^ 
ology courses were ui^ed in t;,he analysis, 
t ' " \^ ^. ■ ^ ' . 

The test reliabi iitjTvf otf TOLT and e^ch ? iterrt sub- test was also' 
es tlm-pted f rortt •the above da ta . - 



ResultjS ' • . ■ 

A correlation of .76 was obtained between TOLT scores and the 
number of interview tasks ip which formal reasoning was used. 
When TOLT scores were' us^d to categorize ^students ^^s fonttal, 
transi tional ^or concrete, 88 percent were classified at the 
same l^^vel of cognitive development as they were x^rLt^^the In-, 
't.^rview techni^^ue . • : . . " j . 



Thirty-five percent ofj th\? , variance' on a' test of integrated 
-science processes (reljit^bili ty .8) was explained ^bly ,TOLT 
sQore)} . At. tenua tion -cjorrecCirOn sugj^sted a validltyL: c^^je3;flcient: 
of' ^ 



Fac tor^^jvQjalysis i^dicfted the presepce oE a strong factor that 
accounted^^O^- a{jf>roxin ately 3X percent of th^^ commQjni variance, 
T'his analysis'^wgges tf^ an undjEsrlying dimension whicp was termed 
formal thought. "^F^actcpr structure loadings pf the -^est items 
ranged from .45 to \-7< 



TOLT reliability was /.84\^ithc>: values frcfnt .-57 t 
sub-tests. 



Coaclu3ions 



./ 



84 for the 



^I;vidence sug^sts tliat TOLT does measure fonnal/ thought , Th<s 
reliability d^ta a.r<f indicative of .high IngernM. consistency* 
and the validity da|:a are diverse and siipportive : of. an effec^^tive 
g^oup test of formal thought.' ' . . • ' s 



Reference 



Lawson,^A. E.. The/ development and valiJdation of a classi^oo 
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A STUDY OF PERSONAL C^RACTERISTICS OF, TEACHERS 



J. William Byrd 
Chillies R . Coble 
Carl'c. Aidler 



East Carolina, U^iiversity 
-Greenville; NC 27834 



A probl^ of long standing' in the. preparation o^new teachers 
is the early identiflcatiort' of tKbse^ students whb arfe most apt 
to make successful teache^rs . The importance 'of this task has, 
been heighi|enea^ ia recent years with the advent of competency- 
based cert^Mbcation programs in North Carolina and other states.. 
The question of competency measurement for experienced teach^SL 
is a difficult one, but the challenge of establishihg the com- 
petency for e^rtif icatUpn purposes for new teachers is indeed 
thought provoking. The mpst common element in.all^f the studies! 
on teaser effectiveness is the lack of agreement on any^ef irtt- 
tiAMt sifetement characterizing a good tea<:heir. This ^study/^ook 



a someimat different approadti to this problem* Our objective 
was to identify any distinguishing chai:acteristics that may be 
associated/ distinctively with those teachers Judged^p be success- 

tHlj 



ful by their pfeers and students. Our hope. is that this informa- 
tion may/i>e useful In provi(fing clues to be used in the early, 
identification of students who are apt to make good teachbrs. / 

The f;(^llowing data was collected In twenty- five (25) high schools 
in North Carolina; * . • 

/ 1) peer evaluations consisting of Ifeachers* evaluations cf£ 
" / each- othe»' cind the principal * a/evaluations of the teachers; 



2) 



3) 



each tea9her complete a Personal Orientation Inventory 
(POX); ^ ■ ^ 



each preacher completed a ^erdonal Interrogatory Form 
(PIF), which .was locally^ generated; and, 



^) student evalua^tions' for each Veachet, 
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The resalfciag data set co^nsialipd of 25 principal ^valuatlona of 
teachers^ 93 teachai: evaluratlona of teachera> 90 POI te^t results, 
95 PIF teat results, and 2,314 student evalua^iloVi forms, 

-The aniryaitf of the data produced nonidentlcal jiuccessfiil teacher 
^groupa aQ Judged by peer evaluatipn and by student eValviation. 
^e then proc^^ed to stvtdy personal characteristics of success- 
ful teacheri^ as identified by each of the t|i>ro evaluating groups. 

V In many t;'egav^8S the teachers appear to be* vtery homogeneous in 
their characteristics. Th6re were, howevi^r ,>eharactertstics 
whi-ch could be .(jXearLy Identified with the successful teacher ^ 
some timteij common to ooth peer-selected and student-selected 
groups of successful teachers and ,8ometin^s peculiar to either 
the peer-selected or the s tadetjt-serected^ group. Characteris- 
tics conunon to both successful teacher groups Included the 
fo). loving: ^ " . . 

1) they subscribe to moire professional journals; 

2) did strive for good grades as a high school student; 
and., ^ 

s ' ^ 3) appear to watch more^elevision. ^ # 

Characteristics conimc^n to t\\e peer- selected gfoup of successful 
teachejcs laclfided: ' ^ 

1) - they tiiade better grades as college students; and, 

2) their teaching methq|ps include the use of more experi- 
ments, more demonstrations, more lecture, more small 
group activities and more small group diso^-issions . 

Teacher, characteristics that ax|^ peculiar to the studeYit-^'selec ted 
success ful teacher group in'cludje.d: ^ ' 



1) they ranked higher in Intei^personal sensitivity on the 

POJ test; and, i . ; * 
^2) their. teaching method includes significantly more 
. ^ demonstrations, field trips games small group acti- 

^ vities and* discussion. ' , 

..\ ^ i ^ ' . 

Interestingly, these teacher^ do less lectfiring than the other 
4fc teachers in the sample. • / 

This report includes samples of all the instruments itsed irj collect 

ing data, a prjBsentatiqn of tt^eVlata, a discussion of the aria lysis , 

and a more detailed presentation of the results.. 

f . - * . - 
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FACTORS AFFECTTIB 'THE ACHIEVEMENT OF 
STUDENTS IN BLACK, SOUTHERN COLLEGES 

. ' ... A . . \ ^ 

Jane Butler Kahle ^ 

Purdue Upiversity 
West Lafayette, IN 47906 

Bernlce Coar Co|>b 
Ow«ndolyjn D. Wllion ' \ 

• ■ ' 

Talladegb College 
Talladega, AL 35160 



t:harlotte Carter 

Miles College 
- Falrfie.ld, AL 35064 

Mildred A. Collins 

Stillman C^llege^ 
Tuscaloosa, 3 SAO I:. 

Barbara Sm, Morgan 

Atlanta Jr. College 
Atlanta, GA 3031Q 



Sandra aylor 

7160\ernon Avenue 
Univet:8ity City, -MO 63130 



A pajipl of five minority educators will discuss their current, re- 
search wh^lch Investigates^ factorsv^ffecting science and mathematics 
achievement' of nflnorlty students . Participants are dra\^n frotti col- 
le^ej In th^ Alabama Consortium of Higher ^duc'atrlon, and tUeir re- 
search has been funded by the National Institute of Education, grant , 
*'Adviinc^d Study and Re*s^arch Skills In S'clente Education f6r Women 
Faculty'at Minority TnstlLutions '(NIE 7802.33). The feasibility 
of such research Including practical and theoretical constrfiiints ; 
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a yfdt±€ty of Inatructlonal varlableft; and an asa^sament of some 
of .thd personal, soc t9loglcal , and cognitive tralfc^a of minority 
students be discussed. 



■r 



The issue to which this sympoi^lum Is addressed Is the general^ 
onet of appropriate education for minority students. The parti- 
cipants have Joined in a resfearch effort, conducted on foyr 
different campuses, to assess yarlous student behaviors and 
characteristics which miglit affect their achievement. Samples 
have been jdrawn from both non-science and "from science majors, 
ahd studies have been conducted in science and^ mathematics 
classes. Prior fo the individual, reports, general demographic 
data -and descriptive Utatiatlca from the live studies will be 
presented . 

Th/e Ind iv.lduii I paperi will each discuss one ^or more probabl^e 
factors which may affect science, achievement of minority students 
The first participant will pres'ent an analysis of the u^ of 
Gowln's '*V" doling laboratory exercises (Novak, 1979). She will 
analyze lt.s effecl^-ort biology achievement, attitudes toward b^l- 
.oiogy, and perception of fA^e control (Rowe , 1978) among her 
first year, non-science m^jor students. Sfcve will discuss utili- 
zing tier findings in a prediction formula to determining .probabl e 
future succfess lii* science class&s. * - ^ 



The second presenter will discuss her findings concerning pos- 
sible interactions bet\^een ^Ognltlve sty le (Witkln , l§67), locus 



of control (Lao/ 1970), ah^' mode of 
ment Of freshman biology students . 



instruction on the achieve- 



The third presenter will report her findfngs utilizing a popula- 
tion of science majors. She will assess any achievement and 
attit.udlnal differentials which accrue, from utilisiing individual- 
ized modes of Instruction In biology. ' } . 

The fourth researcher will report an analysis of the effect of 
spatial experience *on the mathematics and science achievement 
of male and female minority students'. ' 

The last paper will discus^ the possibility qf predicting a 
student's locus of control orientation based on classroom obser- 
vations. Correlation studies of this dimension with science 
achiev^ement in, black, Southern college student population will ^ 
be presented . 

Since eath report composes one aspect of an overall study to 
determine factors affecting the achievement of students in South- 
ern, mincyrity colleges,* interrelationships and compart,sons be- 
tween the studies will provide issues for ^discussion as wellas* 
questl^ons for further research. 
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THE EFFECTS OF TEACHERS' WAIT-TIME A^^D 
COGNITIVE QUESTIONING LEVEL ON^ PUPIL , 
SCIENCE ACHIEVEMENT 



Joseph P. ^lley 

University of XJeorgia 
Athens, GA 30602 



Problem ^ ^ ' 

.. i.. . . - J.. * ^ 

Does t<?acher wait-time and co'gnitive (questioning level effect 
pupir achievement? ; 



O bjectives v / _ . " ' ' 

The objectives of this experimental ^study weire to: 

1) investl^gate the effects .of wdljt- time of 1 second, 

3 seconds and 5 seconds on. primary and Intermediate 
students* •achievement: 

2) r compare the achievement scofes of students who experi- 

enced science lessons contalhlng eithc^r* 100^, 507» or 
. 0% high cognitive level teacher questions; and, ' , 

3) examine achievement results for , possible interactions 
between walC-tlme and cognitive level ot qu^stioni . 

Theoretical Framework 

The manipulated variables in this study j^wai^- time and cognitive 
level of teachers' questijMFis , have been investigated separately in 
previous proceSs-|!Hiadtrct research . The results of teachet ques- 
tions on s t»udent^achlevement h^ve been dissappointing , Jhe 
research indicates that whether teachers use predominantly higher 
cognitive c/uesilons or predomlnatly fact questions makes little 
d If ference in student ach ievement O^nne , 1979 ) . In the only 
reported study examining the effects of wait- time on achievement 
Tobln (1979) found that walt-tlmfe was significan^tly related toi 
science achievement in graces i>, 6 and 7 in Australian schools.- 




The unaucceasfuL attempts of prevlovi0 reaearch. to identify 
achievement £idvantagea of higher cognitive queatlona oyer fact 
queatlona may be due In part to their ommiaaion 6f wait-time as 
an lntera6tlng variable. This study addresses this problem by 
combining wait;- time with cognitive questioning level. 



Design and Procedure's 

The available propulatiop consisted of all stydents enrolled in 
two elementary i-chools in Athei^s, Geprgia. Groups of 5 subjects 
were randomly selected from 15 ^intermedia tje, and 15i primary class- 
rooms and assigned to one of three treatment levels resulting in 
an N of 150. The design of this study can be diagramed as follows: 



R 
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02 ■ 
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J(3 




02 


• 



With ^i'- X3 wa^t- time/cognitive question treatments and 0^. - ©2 

achievement test'9 with knowledge and above knowledge items respect- 
ively. ' . ■ 

/ 

Thirty pre-service tea^chers conducted the treatment by teaching a 
thirty jijiinute lesson in-^ which the 'length of wait-pime and percent- 
age of higher cognitive questions were prescribed; The lessons 
were audio tap^ to- insure fidelity to Che scripted lessons. 
The cpnteh^t^-et the lesson was the same for each group. At the 
^nd of the lesson b criterion- test was administered. This test , 
was analyzed to Insure adequate reliability and validity. > D^ta 
were analyzed using mult ivariate Analysis of variance (b'lANOVA). 



Results . * 

There was no significant Averall question level effect (p ^0.15). 
There >7as a significant overall waif-time effect (p « .01). Stu- 
dents assigned to teachers using 5 second wait-time scored signi- ' 
fiqantly higher than did those assigned to teachers using 3 and I ' 
secopd wait- time. These significant differences were found on 
the total achievement ^test and on the knowledge and above know- 
ledge subtests. On the knowledge subtest students assigned to 
teachers usiag 507o higher cognitive questions , scored significantly 
higher than thgse , 'using a 07o higher co'gnitive Ifevel question 
(p ^ .05). No significant interac ttbns were found. ^ • 



Concluslona 

The results of this study Indicate that stij^ents* achievement at 
the knowledge and above knowledge levels of blpom's Taxonomy 
(1956) can be Increased By extending wait- time. The results 
Imply that the optimum ^J^ili-Ztime in terms of student achievement, 
occurs somewhere between 3 and 5 secon^is, ^ 



Interpretation of the resul/ts imply that, in terms dl student 
achievement, extended waitftime is as'important for .low Xevel 
questions as it is for hign level questions. 
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1 A SUCCESSFUL l-RANSPLANT OF WAIT-TIME 
ANd questioning STRATEGIES TQ CHILDREN' S' 
ORAL LANGUAGE BEHAVIORS ~ 

Donni K* Hassler 



American University 
Washington, DC 

Edward R. Fag^in 
Michael Szabo 



The^ Pennsylvania^State ITniversity 
University Park, PA 16802 



Research on science teaching has drawn ideas and methodology froin 
educational and psychological afeas such as attitude development, 
research design, Instructional systems , and information processing 
The present study is a turnabout. It draws from ap area heavily 
researched by.« science educators (wait- time) and applies it to a 
non-science area; Oral languagii ^l^^haviors in language arts. 

The purpose of this study was to determine if the results Rowe 
found in 'Science with wait-tiime utilization could be replicated 
ij^ the language arts during children's literature discussions. 
Wait- time is defined by Rowe as b.elng of two kinds: ' 

1) Wait-time I, .the pause after a teacher asks a question; 
^ but before someone is Called on to answer; aftd; 

2) Wait-time II, the pause after a student response, but 
before the teacher comments or calls on another student . 

•Each hypothesis was investigated to determine the effects and the 
interaction of th^ three independent" variables: Wait-time, gues- 
tipning, .and wait; -time and questioning upon the '.following six, 
dependent variables: . , * . ^ 



1) length of student reiponses; 

2) alt^rnste student explacwtlons; , 
3^ higher-leviBl student ;re8ponse8; 

4). higher- ^^evel teacher queations;: . ♦ 

^) teacher questions; and, 

6) disciplinary movea.- 

This study was based on the posttest only control group de^lign six 
by Campbell ^nd Stanley (1963) ♦ The six dependent variables were statls 
ti(;:ally analyzed by using ANOVA. Twenty elementary school p^^chers 
from seven schools were randomly a^sslgned to one of four groups: 
wait-tim^, questioning, wait-time ^uestionihg, and controls The 
teachers from the third, .fourth ^d fifth gradeiS were^sked to 
hold-10 to '15 minute follow-up discussions for /each of the se^eri ^ 
chivldren's 11 terature stories . The se'ven stories wet;e made into 
slide/tape presentations in order to insure consistent use of the 
stimulus. The first sliae/tape presentation was considered trial- 
run feo familiari7.^ the teachers and students with the mechanics 
and procedures of the presentations. 

The follow-up discrussions were tape recprded by the teacher foi; 
data-gathering on the six dependent variables- Before the post- 
era in it\g > each teacher was asked to tape re^cord two follow-up 
discussions from children's literature stories of theiilV own 
choosing or from a suggested list in orde.' to reduce the possibi- 
lity of -the Hawthorne effect. * * " " 

The'results of the study indicated: 

1) the frequency of higher-level^questioning and total 
tea,cher questioning were cy,rectly and significantly 
effected by wait-time utilization; 

2) the frequency of alternate student explanations, higher- 
level student response^, and higher-level teacher ques- 
tioning as well as the length of student responses were 
each directly and significantly effected by higher-level 

, /questioning utlllzat taii| and, 

3) the frequency of alternate studenf explanations , higher- 
level student responses , higher- level teacher questions 

^ / as well as total teacher questions were directly and 
significantly effected by the interaction of combined 
wait-time "an4 questioning utilization. , 

In conclusion, the wait-time treatment alone did not provide the 
same results' as Rowe experienced in science. In the language arts, 
the combined effects of wait-time and questioning training provided ' 
• the most signiricant results for the dependent variables jpverall. 
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GENERAL SESSION III 



Pr'eslding: 



Stanley L. Helgeson 

The Ohio St^te University 
Coltunbus, Ohio 43210 



Topic: 



Research in Scienoke Education; 



NS.F 



Speaker: Erik McWilliams 

National Science Foundation 



Recent Trend^'la Educational Research 
of a Cognitive, Sort 



Speaker; Mary Budd Rowe 

Naiiiohal Science Foundation 



Overview of Research on Participation 
in Science by Females. and Minorltiea 



Speaker: Andrew R» Molnar 

National Science Foundation 



Research on Computing in Education 



Speaker: F. James Rutherford 

Assistant Director for 

Science Education of 
National Science Foundation 

Issues in Fundlrig Educational Research 



National Science, Foundation 
Washington, DC 2^^550 . 

9S, lO'; ' 



RESEAlRCH iN SCIENCE EDUCATION; NSF • 

4 • ; ■ , 

R(ei:6nt Trends Educational ResreaVch of a Cognitive Sort , / 

" * ■ • ' ^ * •* ' • 

• « *■ . * ' * 

^ _ Erik McWlIliams . . ' 



Najtlonal Science Foundation . 
. Washington, t)C ,20550 



At the NSF ^t^d elseWhete, there Is 9tea<iily increasing Ihtertfiit In 
and support of research directed specifically Into tl\^ , mental pro- 
cesses and structures which unA^rlie* competerice in sOme ,important 
area of science or mathematics:. . Th^, focus .of 8u\:Ti res^ar<i\| ^ 
namely the learning of science or m«it,jj^jjtlcsy ^VJ^^ sq^^ireiy fh 
education. The methods and theories arfe> f^r the . * „ 
most part psychological / with -aipme cli^r in fli^^^ pes Jfr^^^ V: ^ 

field of computer science. Some re&e'ai;ehetS7 -patti.c^ 
with 'long-standing interests along thege, lines^ are plf^ased' with ,v 
and optimistic about this trend; others are not,^ - . \ *: 



'Overview of Research on i'artlcipatlQn ih Science 
by Females artd MlrkoritLei 

\ ^ Mary Budd Rowe . ' * * 

National Science Foundation . - 

Washington, DC 20550;' ■ ^ • 

The participation of females and njinoritiesj iin science is lesn than 
would be expected. Some of the research providfcW a basis for uf\der- 
s tanking the factors that are involved,; Ther^ 0rfe still many puz-^' 
feeling quessj^ions to be answered^/ For ^amp\e, If curriculum- is 
, such a inajor fiactof, why art the dl fferehces between sexes on the 
• NAEP science as pronounced as they are for 9. year olds? Tf English 
as a second langua^ge is a factor why is^^ the performance of Hispanlcs 
on the .NAEP s<Jience generally better b^van that^of blocks?- In the 
study of talented students in mathematics the pool o^ females is 
markedly Increasing. Xt appears, In addition, that capability in 
mathemltics is not a sufficient condition for success In phyvSlcs 
for either males or females, ^ ^ ^ 
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^^^.y ' RESEARCH IN SCIENCE^EDUCATION: ^Sf r I 

'Rtesearch'bn ^Compbtlng In -Educafcipn ■ • 

* , , \ r ^Andrew Mdlnar ' • . * - 

' • National 'Sci^e Foundation. • , - 

^ Wathingtott, DC 20550o ^ 

The computer has-been described as the new educA tlo*t|iJJ?^ 
Higher c^ducation alqne'^^spends an estimated one billfo'^^llats 
year on computing* The computer , iip a tool, as a^tn^dlum, an|l at 
an object of spudy, now affe«t?s all aspects of modern ^educdtlbn. 
But, what do we know of this new intellectual technology? How . 
it being used and What new r^searchh needs has it generated? 

. ^' review will he presented of national^ ii'tudies , current trends, 
and a meta-analysis of the research literature an computers in 

^education . ; Research on new Intiovatlve uses of coPB^puting and 
computer literacy efforts will be described. R'eccJmmendations 
of a task' force on Tec hnology in . Science Education; The Next ' 
Ten Years will be discussed . 



Issues in the Funding of Education Research 
F. James Rutherford 
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Assistant Director for Science Education 

National Science Foundation . ' 
^^jy^ashlngton, DC 20550 

.-■^^ -v ■ ■ ^ . ^ . ' ^ - 

In trying to build a fruitful support system for ftesearch in- 
educatlOi^V ^ fede,ral agency ne^ds to confront mbre issues than 
simply/*b]kOw to* iti^^lf y the best research, proposals from among 
thos^viubmifeted^^A^^ of these issues ^are: What is the proper 
balance between agency and field determination of funding prior- 
itites? How can stability ol funding over 4:ime be achieved, 
while still retaining the abilit^^ to respond to compelling ''re- 
search opportunities'*? Should theory building or practical 
utility be favored in federally funded educational research? 
, Qiven- limit eel resources; should there be a fundihg bias toward 
^ individual* researchers or ^towfiY^ ongoing research groups? 
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A META-AI^LYSIS OF SELECTED ADVANCE XJRGAtnZER RESEARCH " .% 
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''i^K' --'^ •■ James Kozlow 



University of- British Columbia 
Vancouver, 3. C. V6T 1Z5 . 

Arthur- L. White. * 

The O^ilo^ State UnlveV^l^y 
^ \ Columbas, Ohio 4]?210 



This Is a rfeport of a meta-analysis of selected advance orgrfnlzer 
research reporta> The atudy was undertaken because of, the large 
amount of research ih this area, and the general failure to reach ^i^fiy"^ 
deflnltXV^ conciusfbris f rom this" res'eai*ch. Tfie purpdse of th^p analyslsS _ 
was to determine whether or hot ^th^re were a^iy characterisclcsr of tjrie / 
^perlmen^al settings or materials in the 99 ^advance Drgadizer studies ;; 
anSlyxed that had cons^lst^nt relationships with the treatment effects 
obtalnexf;*t|>jj4M^ tbe MP? of advance- orgarilzers . The depehpent vrf^i^bles \ 
use^i ,to Vepre^eht^the U^eatment effects w^e the t-statlstfic'^^ 
difference, betyreen mean^ ahd the probability level of sign! f fl^Bnce • The, 
independent variables described characteristics of the sample, treatment 
admirtistratdori 'conditions, type of subject matt€;r, quality of :th'e research 
procedures, bnd ctj^ara^e^^fatic^^^ the advance organizers and learning 
materials ; . ; 

The .jJata-^nalyts^i^ inyptv^^d ^ thfs^^vcomputat 1^^ descriptive statistics ,,v 
^xamin^tlOTi o$ the rfelj^i<^n^lf Ips between independent and dependent yar^L- - 
abl^afffcy correlation c^6i£|U«^^^ stepwise multiple regression analy- 

sl^-^xand the! ^xaminat;frii*n^?|^^^^ among^ the Independent 

vai^lables>>y.ffad^or " i 

01; th«|*'99 t-staYistlc8' computed, 68 were positive. Nlh« of these were 
'significant €^r the 0,65 level dnd 13 were slgny ican.t at the 0. 01 level.' 
Uone of the n^ga'ti-ve t-sbatlstlcs we're significant. The^e results » 
thd^cate t;ha£^ th^j^' Is a tendency for advance organizers to show faclli- 
t a^lye'^. e f -f aSSI" " . • ' / , 

$pciie of vthf 8i|;nlflcant findlngs^^n f^ivor of advance organizers may have 
b%en/due possible contribution of the advance organizer alone p'< 

' to' ansi^t^in^^the test ques^tions or to an inequality of stOdy time for ^ 
.t'he^ tifeatiii^^ groups. The Influences jof th^se variables^ on' the^ ^el^tipfi- 
shtpV>e^t^^ the dependent and indep^ndeiA variables were removed by 
dtfepwiSfJfVlt!^ regression ahalyses/l ^ 
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Tffe j||ilationshi|p(^vbet:weiMi type of advance organiz;er and the dependent 
variables wa^ prol^ablyy'the most fundamental relationship tde^ntltled. 
There was an Urjidliatlory that comparative advance orgatilzei;;8 may be more 
effective t^pa'ti*^?.expo8itory ones. ' " \ 

Student Inability to unders^tand the advance prganlzer information ma/ 
account*^ for some o£:the non-significant expet^lmentaT findings. 

T^iJSj^X. was^ ar^ indication tli^at Advance organizers m^fy become less effec - 
tlve\-aV^4Uie^XGarnlng materia^ls b<>come 'mor6 c<^mplex . 

^The dependient^^aAablQs had slgnifiC4ant correlatrlbns With sub ject area , 
concept type; an(^^4igjir,ade level Indicating that advance organisers ma*y^6e 
less ef fective wh^n the subject matter Is s^ienca, -more ef fecti,ve for 
classif i<;:^t i^>n*»?i concepts , and more effective at-the higherVgrade levels. 
^A* list gtf ^ul<fida.lnes ' for futvjre resffearch pn ^fTdvance organizers wiis 
reported b^idell on this' analysis. 
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CONCURRENT SESSIONS F, ^ AND H 



Sessions G-Z and H-^ . T^echniques and Procedures 
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foplc: ^ ^ Estimating the f^eliabill<y of ClaS'sroom 

; ' Observation Sy^cema^ - ^ . 



WiUiaTn Capie j4.' 
Kenneth G . Tobln 

■ ( 

Uaiverilty of Georgia 
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Relimrillty estimates of classroom proces^^ variables can *facl- 
— -=4.^U;«atje-«dl£^ Interpretation of^ research designs and bind- 

ings by those pTTniTTnT^ niLJCljii^^^ as^^/ell as by 

^ consumers. This session will present ^e ve ra I "fCplluu lellablltey 
problems in classroom process . measurepf(ei\t (e , g temporal sta- 
bility> interrater agreement) and pr/setjt ways of measuring, and 
interpreting the reliability. / . 

Participants will receive sample data from studies or instrument 
development to determine appropr/ate analysis and then interpret 
the output from common computer, programs . Sample sets of data' 
have been selected, to illustrqce common' ir^ethodologlcal problems 
and decisions . / 

/ i • - . 
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A- COMPARISqj* Ol?' THREE ESTIMATION 
STRATEXJIES ON-E9TItlATlON SKILLS 



Barbard J. Attlvo ' 

Unlvejraity ftvPlttabur^h 
Johnatown, PA 15904^ 



The iJevelopmert t ok meaauretnent hnA eatitnation proqasa aktlla 
b/ proapective teachers Is a prerequisite to the development hf 
claaaroom teaching a^trateglea for t.heae proceaaea.' Limited 
empirical evidence exists In order to guide curriculum develo- ^ 
pera in the preparation of materials specif Ically dealg^ie'd to 
develop estimation dkllls, C^jrrent research frequently combines 
the measurement and estimation processes rather than focusing 
6nly on »t|ie estimation process. ^ 



This study addressed'how the nature of estimation %k4Al Instruc- 
tion affects prospective teachers* abilities to estimate metric 
length and area. Four types of estimation skills were Identifi- 
ed by an estimation matrix which vera based upon the physical"' 
absence or presence of the unit" of reference during estimation 
and the phys ical abs ence or p resence of the ob.^ ect to ^^^^^^^J " 
mated. Specif ically > the Investlga tloh sought to determine What 
effect Instfitction for one t^pe of.length and area estimation 
skill had on the transfer to thjjr remaining three t*ypes of esti- 
mation akil Is . ' 



Instructional strategies employed were: 



I) 
2) 

3) 



a personal reference unit; 

a cut or drawn unit, of reference* which was put ou^ of 
sigJ^t before making an estimate^, and, ^ 
estimation without specifying an explicit strategy* 



Ten hypotheses were tested relating to two questions; 

1) Is one of the three Instructional strategies more 
effective in reducing estisnation error? 

2) What effect explicit instruction to reach criterion 
fdMT one type of estimation sklM had^ on the ablli.ty 
to Improve the remaininS> types of met ric ^l%ngth arfd 
area estimation Skills? ' 
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After a pretest, 126 siibjects were r>ir^cloml.y assigned to one" of 
t+ie Instruct io^al^trategies*. U(, i 1 Izing sel f-paced instruct Ion- 
I materials, student a were inatructod u> crlTerlqh In one type 
f estimatflon skill for len^jth and area. Crite'rlqa referenced 
mastery tests were adminls t^i;ed after eqch Instructional rifddu^e. 
After Ins truction 93% o^ the stu^^nts demonstrated masLery of 
length estlm^otioji 3kill$\and 8l.?To of r.l)e s tuden ts demonstrated- 
•niastery for area estimation ski VI . Upon achievement of mastery , 
a ret^n t loh/ 1 rans f eiF test was admlijis tered po determine the 
al|ility to perform the oth^x. three est(lmat Ion types* for vhich^i\o 
instruction' or practice .was given. • ^ * 

Non*-paran\etrlc statistical techlnques were used to con^p^re esti-- ' 
mation error, scores on thQ retention/ transfer tests. . Scores were 
compared for sub Jectsv^ OJ^t;ructed In the use of the personal re- 
ference measure s.c categy tjo the scores for aub jects ins t ru9 ted 
in the use of the uni,t reljerence strategy an^ also with those 
subjects who were given nc? specific instruction in estimation-, 
strategy. The Wi Icoxon-^signed ranks test ^was used to compare 
estimation error Scores before and following Instruction fot^ 
each of the instructional strategies for each estimation type. 

As a result of testing th<» hypotheses, the following concUiaions 
we re reached : ^1 

1) The persona L reference strategy was significantly more 
ef^ectlv^ in &he i reduc tion of estimation error than the 
uni t re ference 'stjrategy for estimation skill of the 
sane type as ,,the .iust^t,ic t ion . • 

2) ^ N6 s Ighi f leant differences were detected in estimation 

error' when the pelrsonal reference s'^^rategy was compared 
^with the strategy' in which no explicit instruction was 
■'given for the estimation process. 

3) Concernii^ig the transferability of explicit instruction 
vn one type estimation skill it was concluded that ' 

/ students who achieved mastery criterion during instruc- 
tion on,^estimation skill showed a significant reduction 
in estimation error for two additional estimation skill 
types. Additionally, significant estimation error 
score reductions were noted for selected area es^ma- 
'tion skills . 

The results of the investigation could be employed by curriculum 
developers who desire to -deveTop systematic instructions which 
will lead to the development of specifically ideatified types 
of estimatiofi skills.. . 



X THE RELATIONSHIP BETWEEN' THE SCI^IFIC LITERAC^ OF 

SCHOOL APMINISTRATQRS AND THE PlJfeCHA!5E OF SCIENOE TEKTBGORs' 

Oklahoma State Department of a/ 
Education and Moore Pub-llc Schools 
Moore V OK 73060 

Rosalie M* Grant 
I ^ John W • Renner 

University of Ok*lahoma . v 

Notman, OK 73019 



If the curriculum is one of the major responsibilities of school 
administrators then to meet that responsibility, administrators 
must have an understandjLng of the nature of e«ch of the disci- 
pline's yhfch compxflse tKe curriculum and of the ways in vhleh 
students learn those discipline's . Textbooks form an integral 
part of the curriculuin an(3 (EBeir selection is another of the 
school administrators' redp6nslbillties • 



Role of OSTA in the Science Curriculum 

■ " ' - i^' ■ 

In 1973, the Oklahoma Sclencii Teachers* Association (OSTA) de- 
veloped criteria to be used to examine .splen9e textbooks. A 
workshop for science teachers was sponsored and using these cri- 
teria, science teachers evaluated and rated science textbooks, 
/rhe textbook ratings were compared with the science textbpoks 
purchased by schools ,ln 1974,' Without exception, the books most 
highly recommended by the OSTA were hot those most Widely purch- 
ased by schools. Data for the OSTA textbook ratings and schools* 
purchases in 1977-78 revealed' discrepancies similar to those 
found with the 1973-74 data. .The greatest discrepancy in the 
vl977-78 data occurred with the elementary science textbooks. 

Statement -oiC ^be Hypothesis 

The hypothesis investigated in this ^ study was that school admini- 
strators having responsibility for selecting .^nd purchasing 
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science texllbooka, do not understand that science A a^jyeocess 
of Inquiry and that learing is best carried out through • investi- 
gations. All inventory wlt>h a Llkert-t*yp© scale xas developed ^ 
and tested tK d«ter!Tjine school administrators' attitudes towards 
science and science education . 

Validity of the Instrument ■ • 

Construct validity pf the inventor)^ was established asking, 25 
professors of science education to evaluate whether a set of In- 
ventory statements represented an Inquiry^r exposition view of 
science education*. A point-biseria I correlation analysis detect- 
ed ambiguities in the Inventory statements .- - - 



The § ample 

The sample which responded to the attitude inventory consisted 
of* 154 administrators of whom' 34 were superintendents, 40 were 
high School principals, 20 were middle- junior high school princi- 
pals, and 60 were eleqientary principals . A proportional random 
sampling technique was used for the study. THe sample size was 
10.8% of the total population. SixtTy-five percent of the sampie 
responded to the inventory. In addition to sampling "school ad- 
ministrators , responses to the attitude Inventory were obcained 
from 25 professors of science education. 



Data Analysis ^ ^ 

Two principle component analyses of the responses of adminlstr^- 
toVs and of the science educators revealed that five factors 
accounted for 77% of the varianqe among science educators, bvit 
five factors accounted for only 557o of the variance among the 
school administrators. Analysis of the 13 statements which, load- 
ed on each of the five factors indicated thflit the science educa- 
tors viewed science as process, that processes are basic tq 
learning science conte^nt and fundamental to the way students 
learn. Administrators, on the other haiW, regarded science as 
a content structured discipline rather than as process structured 
and that Is is most e f fee tively. learned through lectures. Ad- 
ministrators observed science to have a, laboratory component. 

A one-way analysis of variance between each of the different . 
administrator groups and the science ^educators lndicate,ci that 
there yas a sign! f leant di f fere nee between the means of the 
groups* 



il6 ' 



Results of the Study ' - 

The resajlts of the study suggest that administrators view science 
as 4I4, lecture-laboratory discipline.' ThoA^ recognize processes 
usetl In learning, science , e.g., observation • and {jrecjictlng » how- 
ever wh*yi purchasing patterns oJT textbooks are examined those 
books which reflect science processes' are not those selected. 
There is* some indicat;it)n that iidminis trators know ab(^ut science 
processes yet ^hey cannot recognise the science process as[ it is 
related to the mature of learning, an^ the- approach textbooks 
use lo promote the learning of science/* 

Administrators recognize the Importance of collecting, interpret- 
Ing and predlciclngyfrom data but they do 45or understand the 
relationship thes^e have to Intel lectual development , 
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COGNITIVE STYLE AND THE ACQUISITION AND TRANSFER ^' 



OF THE ABfLITY TO OONTRO^. VARIABLES 



Barbara M. Strawltu / 



Louisiana Stpte Ualvarslty 
Baton Rouge/ LA 70803 



Although teaching students to .control variables" Is an Important 
and pervasive goal of;mo^t elementary sciertce programs ^ there 
is little evidence to indicate that successful instructional 
procedures have |j^een devised to help teachers deal with the 
difficulties some children encounter in learning, retaining, 
and transferring this scheme. This is not to say that some of 
the training sti^^es reported tn the literature have not been 
effective, but' mily to suggest that perhaps the ^^^ects of in-^ 
/struction may b«st be understood by focusing fittentlOn on indi- 
vidual differences in learning and by looking at both retention 

and transfer as learning outcomes. 

* ■- . 

"-^ • 

The purppse of this investigation was to study the (effects of an 
iVtstruct ional procedure designed to teach field* dependent as, well 
as field independent sixth graders to: , ' ' 

- ' * \ ; 

a) control variables; and, 

1>) transfer, this ability to tasks differing 
from the tra^ining tasks. 



i4 

The neopiagetlan theory of Pa8cual%.eone v(l!>70) and an acquisition 
model for the control-of-variables scheme proposed by Case (1974, 
1975) served as the framework for designing the Instructional 
sequence . 

Subjects in the study were sixth grade students judged by their 
teachers to be of at least average academic ability. Subjects 
were -listed in rank order according to scores on a measure of 
cognitive style, then 56 fi^om the extremes of the dlstrlbtuioh 
were randomly assigned to an experlemental. or comparison group* 
Twenty-nine students, 15 field independent (FI) and 14 field 
dependent (FD) were assigned to the experimental group, and 27 
students, 13 FI^ and 14 FD were assigned to the comparison group. 
All subjec-ts were pretested with the bending rods task (Inhelder 
and Plaget, 1^58) in individual in terviews and three who 



s 
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controlled ell variablee. were dropped from the study; Studente 
in the experimental group were Individually instructed on control- 
ling variables' in three ZS*' minute sessions over a four wefk period 
^Students in the comparison group worked Individually cin an open- 
ended mode with the same materials ai the experimental group in > 
three 25 minute sessions. Approximately four weeks .after th<L 
last, training session, three postt^sst tasks were ^administered to 
al^ students\ Thesis tasks included the bending rods task used 
In the pretest" and In trdlniag and two transfer tasks used to ' 
determine whether or not the students Qould apply what the/ had 
learned in ]n^w situations. ^ * f-xv' 

The Group^ Embedded Figures Teat (GEFT)^- developed by Witken et al/ 
(1971) was used as a measure of cognitive" style. Controlling 
variables tasks were bending rods (Inhelder and Plaget, 1958), 
ramp (Wollman, 1977) and lever (adapted from Bredderman'J 1973). 

Dun« planned analyses (f^ara^cuilo , 1978) were used to examine 
all pairvrise contrasts, treatment effects, and treatment-cognitive 
style interaction effects for the mean number ^of variables correct 
ly tested' on each task. T-tests we\^ it(sed to test all contrasts 
except one where group "Variances were found to be unequal. In 
that instance t^'^ t^sts based upon the Welch-Aspin approximation 
to* the* t distribution were used. 

The itiajor findings I'n the study were: 

1) There were no significant differences between or within 
group.s on the prete^ task. 

2) Students in the experimental group correctly tested 
significantly more variables than students in the com^ 
parison group on the training and transfer posttest 

tasks . ' • 

3) Field independent students in the experimental group 
did not perfoxrm significantly better than FD Students- 

V on the training and transfer posttest tasks,^but a 
strong ceiling effect limited differences between 
subjects. 

4) , Field independent students in the comparison group 

performed significantly better than FD students on one 
of the transfer tasks (lever)'* 

s 

5) Field independent students in the expjsrimental group 
performed significantly better than FT students in the 

. comparison group on the training task (bending rods),^ 
however they significantly out-performed FD students in 
the comparison group on all posttest tasks (bending rods, 
r^^mp, i)nd lever) . 
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6) Flald dependent students in the experimental group 

periFormed significantly better than FI students In the 

^ compars ion group on the training task (bending rods), 
. however they significantly (/ut- per formed ^'D students 
In the comparison group on all posttest tasks (bend- 
ing rods, ramp and lever). 



7) There were no significant creatment-cogqltive. style 
interactions on thfe training and transfer posttest 
tasks . . ^ ' 

- • '4 



as FI sixth / 
and to tt^ansfer 



\\ The results of chis study indicate that FD as* well 
X^rade students can be taught to ^|M^trol variables 
Vhls- ability to novel tasks^ Gog^Pti>>e style, however^ does seem* 
to influence learning from a patticular instructional method. In 
this study a method, of instruction designed for FD students was 
also very successful for FX students, while a method allowing 
students to freely explore equipment without feedback Was effec-- 
tive for only FI students. 
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THE RELATIONSHI| OF PIAGETIAN MENTAL ATTRIBUTES * " 

/ ■' ■ ' / ' ' ; ^ ' • 

AND THE. DELAYED RECALL OF UNEXPLAINED 

CHEMISTRY TERMS PRESENTED IN A LECTURE ' | ^ 
Debotflh JeAn Vojtko . > . - 

' t 

' - University of Pittsburgh » ^- . 

Pittsburgh, PA 15260 - 

One of the major and frustrating aspects of science teaching is 
how students demonstrate learning through verbal discourse. 
Although models have been developed (Shavelson, Klausmeier, An- 
derson) none of these treat verbal terms at face value, as ex- 
pressed by the student writer. Cunningham r$\{lewed ofher models^ 
for measuring the retention of verbal learning substance but 
concluded they had less than acceptable yatldlty, as would»be ^ 
found in similarity analyses fqir the meaning of terms, 

A more contemporary approach is the use of Words as a'vertfitim. 
measure in analyses with statistics designed for/thls purpose 
(Zlccarelli and/Moser, Modeling; Zlccarelli, and Moser ,\'^NARST; 

Rojas ancl Rojas, Modeling), This study was done to examine: ' 

* 

1) the vali<ilty of this approach, in con^<5ept learning 
and relationship^ with customary teiitlng practicei^^- 

■and, . . ' '\ . ^ ^ " 

2) how the approach contributes to an understanding of a 
association- recall of verbal discourse . , 

The sample was 37 high school chemistry* Students (-of t-wd , sec tioa^ 
who volunteered foY the experiment. CorRparlsons of IQ ^^rfd their 
course grades showed no significant differences bjetweeri' th^isgtou^ 
of 37 volun'teers and the 22 . students who did .not t)artibipate . .7, 

The schedule was the presentation of a 15 minute IfcturiS on the 
kinetic theory*^f solids during which the Ss wete urge^d to take* 
notes, administration of a ten item objective quiz (passive, 
four xiayjs later), a seven day delayed prose recall, and a 40 tteftt 
objective test administered eleven da^ys 'after- the' lecture/ The 
lecture wa? rehearsed and designed to use 36 concept terms • . It 
was taped 'to control for the use of the tenhs* The analysis was 
f#r these terms occurring in i^n Immediate and one-week delayed 
prose recall cued by ^'recall what you heard in the lectiJirei" ' 
The students were administered two Piagetian batt«Tles of task;! 
after the experiment. 



There ware signifjlcaht decreasea'^ln the frequency of the 36 
terms usecj in oi\^ week recall passages; as coinpare4' tp those of 
the Itimiadj^te recall. An average 61% decay in term expressions ' 

occurred in that time of delayed recall. 

The 12* terms of highest .average 'freqvlency of recall diuting each 
recall trial were factor analyzed, with a prln^ipaJL components 
i^proach and the oblique technique of direct quairHmlti , rotation 
(computer program BMDP4M, Dixon, 1975)., Betwaerj five and spveh^ ^ 
factory were needed in explaining 70.0 - 9Q.4^o Of the variance . The! 
primary psychological structure was terms, de8cVi>lng Iclrietic , % . 
theory; e.g. , ''close together, strong bonds, Vibratory. 'motion , 
gain or' loss, and. potential ^energy'^ ; these wete all. delayed t^crfll 
terms. The second factor was pt^ ^the Immediate recall te:i^ 
"sublimation, camphor, dry ice, anB iodine, The three. - five / 
factor 1-oadings were of iAmedtate and delaye^d -recall terms^ "The 
sixth factor was of the imm'ldia te recall terms' of "solld-to- 
liquid, mole, sol id- to- v^por^^ , and the final faotQr was "sub-, * 
Umation" of the delayed recall . These results i^tdlcate that some 
association-recall retention • learning occurred in'the i^xperipien t / 



The validiity of verbal discourse in characterising objeVk^j^ test 
performance was examined with discriminant analyses of highland 
low performance on object Ivfe j:'^sts^ dn kiasr.ej^ theory. Four terms < 
In immediate recall signi f icanep^ discriminated (p < ..05) abo\j| 
and below m^n performance on the quiz administered four days 
later. Theffeerms were: "solid, definite volume, noucompressi- 
bllity, and potential energy. V The canonical function correctly^., 
classified 87,5% of low scorers ai;\d-41.97o ofl'fche studf^nts earning 
abovfe average scores. The_ canonical varlate of Immediate recall 
terms of "solid, properties, melt ing p6i4|L^ and crysta|li^ne 
discriminated for test performance at the^'^OO^tevel of signifi- > 
cance.* There were 85.^7% of the low scorers ^nd 81.9^6 of the group' 
of .students earning scores greater thjan the meancwjit) were corrc^ct- 
ly classifted by the group of terms-. 

■ / ' . ^ " 
Canonical and partial correlation analyses wetfe coinputed for 
examinin-g the role of association-recall for.dela^/^||^ state- 
ments. The 12 tibs^ frequently used immediate rfcaH terms were 
i dentified as ope set of variables. ,The terms oY the del 4^^-^ 

, recall which had the greatest number of intercorrela tidns were'^ 
identified as the second set of variables.^. Only three pairs of 
recall task terms, according to fta'rt lett ' s Scatj(.sti<> (computer 
program B>!DP6m, Dixon ,1975) , were' needed to explain 59 to ^72% of 
the delayed recall canonical variance with . immediate recall* terms 
after the removal of the linear dependence between : the ' 12 delayed 
recall terms. The pairs of immediate <and delayed recall terms, 
respecttvelyi and in their order of limportancffe were: "cantpfior ahd 
dry Ice, melting point and solid*^ to- liquid , ^'nd wealc vibratory 

lotion and close together." ^ ^ ' 
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These results clearly indicate that after controlling for delayed 
recall of associated terms there Is. a set of immediate and delayed 
terms which have lx)gical meaning<?,^gardlng the principle of kine- 

t ic theory. ■ / 

■ ' L 

The results of thejie malyafta demonstrate that the verbatim ap- 
proach to verbal discourses vatWly describss the learning af 
concipts for thte principle of l^'inetic th^jory. Thts conclu,8ion 
Is su^orted by the finding th^t words of high Similarity of 
meanlngb are probably encoded into a logogen memory as proposed 
by Patylo (19/1 This study probably the firstr^one which 
lemon?(t:rates a means for characterizing how students cognitively 
IS scientific concept termis form a lecture into memory 
Its for a delayed retrieval in a verb*al statement." ^ 
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reentering science careers. Dir. Aldrlph will discuss the Impllca-- 
^tlon of^her flndln'gs and suggest directions for future projects . 
ito Increase the reptesentatlon of women In s.ciertdet ^ 

Retaining women In science and science related -programs is d^ften 
a problem V DrT Ellsikbeth K* Stage of the Group In Science and 
Mathematics Education^ Unlverslty^of California^ Berkeley, will 
sunmerlze research and program actlvltly aimed at Increasing re- 
tention of women In science pi^ograms . SheVlll describe success- 
ful Institutional efforts and Identify strategies* that can be used 
by Individual teachers of science to Increase retention of women • 

IBtecently research on gender related differences in attitudes and 
^Ptit_^^^* b^.? offered some Interesting insighte into the partlcl- 
pation. of womep In science. Teacher awareness of and response to 

these differences will fpster participation of women In science, 
Dc Jane Bowyer, Mills College, will ' summarize research to date 
^bout -gender related aptitudes 'and attitudes that are correlated 
witti -achievement in science. She will discuss teacher traits 'that 
have been shown to be conducive to encouraging f emaleXpprt Icipa- 
tlon in science. \ 

Dr. Marcia C. Linn, Stanford University , ylH'dlscuss rcisearch 
on science concepts and problem solving. She will contrast areas 
where there are? no gender dl f f erencea^^to areas whejre gander differ 
ences exist in problem solving. Aptitude differences which relate 
to women's strengths and weaknesses in ^problem solving will be 
presented. Suggestions for research to identify aptitude treat- 
ment interactions follow' from these, findings. 

The" Nat lonal Science Foundation is concerned about the represen- 
tation of women in science. Tn addition' to the women in science 
^program described earlier, the science education 'directorate* gives 
high prloritj^ to proposals in all their programs which" Incorporate 
a concern for the underrepresenta tion^ of women^ in sciejlcy^^ Dr.. 
F. James Rutherford^ the Assistant Director of NSF .toi*' ^feienc* 
Education, will comment en the approaches that science educators 
could take to respond to the underrepresen-tation of women in 
scle.nce. 

*f 
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VERI?ICATfON OF A CAUSAL MODEL 
FOR STUDENTS' ACHIEVEMENT 
ir MECHANICS IN A COLLEGE PHYSICS COURSE 



Audrey B . Champagne 
Leopold Klopfer 

, University ofi Pittsburgh 

^Pittsburgh, PA 15260 



Rationale and Oblectives - ' ^ 

The literature on physiors education attests to the concern of v 
>oth Instructors and researcher^ for att^^nlng' better understand- 
ttig of the' variables which influence students ' achievement in 
college physics courses.,. Among the contributing variables which 
have been suggested are the^ student* ' previously taken . courses 
in ht^h school science, previous mathemdticrf' courses In high 
school or college, the students* mathematics likil Is, their ability 
to think formally (as defined by Placet), and their pre-instruc-** 
tional conceptions or misconceptions about physical phen^nteha . > 
However, the interactions of and likely causal * connections between 
these contribiAtlng variables have not beerf systematically investi^- 
gated. The objectives of the present study were': 

1) to construct a caudal model for stuoents* achievement 
in the mechanics segment of a college physics coarse; 

2) to estimate the path coefficients which link the model's 
hypothesized variables (as listed above) that contribute 
to achievement; and, , » ' 

determine the extent to which the observations verify 
^' . the causal model. ^ 



Methodoloj^y and Design . ' 

'V ■ - * 

ThlQ study utilized the me^thodology of explanatory observational 
research. In this approach^ a theoretical causal .model ill post- 
ulated which Includes both established and hypothesized causal 
relationships among the variables under investig^t Ipn . These 
tfelationshlps are expressed ih terms of structural equations, 
and the causal model can be represented in a path analysis dia- 
gram. When observational aieasures have been ^pb.talned for all 
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the variables In the causal modsl, appropriate statistical proce- 
dures arip Applldid to establish the plausibility of the causal 
model and estimate the degree to which the various explanatory, 
variables influence the dependent variable. - In i^path analysis the 
Interrelationships between the variables examined by a 

series of regression, analyses, from which the path coefficients 
tan be estimated. i 

Jn the present study, the causal model's explanatory variables 
were those variables which previous research suggested as contri- 
butors to students* achievement in mechanics, the dependent vari-^ 
able. . The subjects were 110 students erfrolled la an introductory . 
collijge physics cou^e . Data were collected from questionnaires, 
three pre-instructlonal lnstrviments, and mechanics achieVeineht 
tests. The path eoef ffclents obtainfcd from the regression analy- 
ses indicated the strengths of the links between the observations 
of the explanatory variables and the students' mechaplcs achieve- 
ment scores. 



Instr uments and' Data 

Profiles of each student's previous science and mathematics 
coufses in high school and college were derived from question- 
naires. In- addition , each student completed three pre- ins true- 
t ional instruments : 

1) a written test of mathematics skills; 

2) a written test of the student's ability to think 
formally; and > _ * " 

3) a test to determine the student's misconceptions about 
moving , objects . 

For ^his third test , the st'jiQents were shown objects In motion 
under several different conditions and were asked both to describe 
what they observed and to interpret their observations. The 
students* written observations and Interpretations were analyzed 
to identify mis-observations that they repTorted And mls^o^nc^pt ions 
chat they applied to th^ir interpretations of th^ ' eight <llfferent 
conditions they observed. All these pre-inst^uctional instruments 
yielded numerical data . The students * mechanics achievement 
scores consisted of the sum of standardized scores from two mid- 
semester examinations aind the mechanics segment of the final 
examination. * - " 



Results and Conclusions t 

The causal model postul^ited a relationship between the amount of 
high school science taken by students and their ability to think 
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formally. Tt also ^postulatad a relationship between having taken 
hi^h school physi^cs and both the students' ability to thluK fonnslly 
atitf the correctness of their conceptions of moving objects. The 
amount of high school mathematics taken was caudally related In 
the model to both the amount of college mathematics taken and the 
students' tested mathematics skills • ' Moreover //the causal mod^l, 
vdlrectly related four variable^ {i.e.\ having taken high school 
physics , mathematics skills , forma 1 reasoning , ^nd c6nceptlonS 
of motion) to thc^ mecli^nlcs achievement scores. The strqngest 
dlrftct celat lojishlp was obsierved betwe.en mathematics skills and 
mechanic^ achievement, for which a path coefficient (p) of 0.33 
was obtained. Strong relationships also were ob^served between 
mechanics achievement and both correct conceptions of motion 
(p - o . 24) and' formal thinking abll Ity (p - P . 23 ) , but only - a 
weak direct relationship between mechanics achievement and^^ having 
taken high school physics (p ^ 0.04) was observed. Mo<^er«te rela-- 
tionships, with path coefficients tanging between p 0.06 and 
p ^ O il, were ot^served between amount of high school science 
taken and formal th'lnking ability, between having taken high 
school physics and forma 1 thinking ability , and between amount 
of high school mathematics teaken and mathcimatics skillis. Path 
coefficients betweeti all other 4)alr3 of variabiles were 0,03 or 
less, Indicating very weak^or no links. 

It: was concluded that the postulated causal model was generally 
verified' by the observations of the explanatory variables. The 
main modification which the /resets suggest is that Having- taken 
high school physics is not directly related" to mechanics achieve- 
ment in a college, course. However^ this ' explanatory variable does 
have a moderate effect on students*' formal thinking ability, which 
in turn Influences mechanics achievement, to Some extent. 

t 
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INTERACTIVE INSTRUCTIONAL VIDEO-TAPE^, SCHOLASTIC 
APTITUDE, COGNITIVE DEVELOPMENT AtlD LOCUS OF 
CONTROL AS VARIABLES lHFLUENCir«^ SCIENCE ACHIEVEMENT. 



Rustttll H. Yeany 

Edwin A. Helaath 
William E. Baratow 



Unlver^^lty pf Georgia 
Athena, GA 30602 



Achl^evement In the aclencea varlaa greatly acroaa unlveralty 
studenta, Thla variation la contributed to. an la influenced by. 
n\jany varlabftia. Some of thes^ varlablea can bf manipulated and' 
are more or lesa un4er the control of t^e Inatructor. Others are 
peraonaloglcal varlablea which are not munlpulatable but need to 
t)e Indentif led and recognized for' their influence on achievement. 
Bloom (1976) recently hypotheaized that more learning la infla- 
enced by a atudent's entry chUracteri^tica than by *Varlati(^na in * 
teaching. The two purppsea ol thla atudy were to: ^ 

' \^ ' "~ . ' 

1) examine the relationships between university students 
. ' eqtry .characteristics and achleveme'rit iti biological 

aclence;^ and, 

2) to assess the effectiveness of "interactive instructional 
vld^ea-tapes In improving science achievement. 

\ - - 

Th^ variables which were Judged moat likely to be predictors of 
achlevem^t because of the nature of the sub^act mat;ter or instruc- 
tionjLly^aditions were scholastic aptitude (quantitative and 
N^e^bal), cognitive development, and locus o$ control (pther vari- 
ables were included and will be mentioned in the expanded report). 

Dealgjn and Procedures ^ 

As mentioned above, part of the atudy examined the effects of a 
manipulated variable; therefore, an .^xperljniental design was employed. 

It can be depicted as follows! ^ ' 

R 0, 0 0 X 0 

I 2 3 E' 4 



• 1.4 

Ot «» SAT Scorils (verbal An4 quant Itat^ vet) 
0^ ■ Cognitive Development Level 
03" Locut'^of Control ' ; 

• Treietment Condltibne . 
0^ Achievement of Genetics Ccncepti 4 

Other achievement data were collected at three points in the 
study before the Implementation of the exp^erimental design, Thise 
data were used in the regressio^n analysin to ^measure thte influence 
of the entry variables. 

The axperimen tally accessible po^ulW^ 

Students at the University of GeorgW. All students met In a 

single lecture section three days perNweekand in six different 
lab sections one day per week. Data w^re collected on all students 

Randomization procedures were used to assign subjects^to experiment, 
al or control conditions. The treatment was conducted during the 
genetics unit ^nd consisted of video-tape tnstruc<:ion where the 
stOdents individually used a guided problem-solvihg manual while 
viewing the tape. A concept was first presented and then the 
student WAs required to solve a related problem while' the tape 
delayed ^or a prescribed length of time before the next concept 
was approached. 



Data Collection 

Data on ^11 achievement variables were collected with multiple- . 
choice objective referenced tests. All it^ms had been piloted 
previously. Item, and test analyses were used to establish relia- 
bilities and objective-item matching by judges was^ us.ed to ensure 
cotitent validity. A total of four achievement tests wete adminis- 
tered; one as a measure of tre^ttfnent effects and three as measures ' 
of the Influence of entry characteristics. Data on the entry vart- 
ablei^ were collected through standardized tests'^or from student 
files. ^ . ' • . c 



Results of Data Analysis 

Data on all dependent variables were analyzed using regression 
analysis and a gen'eral linear model program. 

The results indicated tha t theJL n8txuc_t^^^^ 

tape did significantly and positively influence achievemeSt on 
the genetics concepts. The Increase in achievement amounted to 
approximately' 67o. The entry variables also proved t;o' be signi- 
ficant predictors of success on all achievement measures which 
Individually predipted ^s much as 39 and 47 percent of the vari- 
ance in ochtevement. In all cases thes^e were better predictors * 
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of achlavemant than any "other entry variables. On all the achl-^ 
evement variables, three or four factor models predicted as much 
as 60 percent of the vaif^lan^e In science achN^evement . 



Conclusions 

Regression models based on entry characteristics of stu^ftnts 

can be developed which will significantly and coptflstent ly pre- 
dict a<5hlevement variance. £t Is also possible to Influence, 
science achievement throvigh the^ use of Interactive Instruction- 
al video-tapes. The former results support the recent conten- 
tions of Bloom; but, the latter results show that instructional 
intervention can still -be a significant factor In Influencing 
science achievement. 
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THE .iNTpRltELATIOrlSHIP BETWEEN PROPORTIONAL REAs6N],M? , 
'VISUAL SPATIAL ABIUTV Alb SEX , 



Sharon Brendzel 

'■V ' ' . ' 

Rutgert University 
New Brdyiswlek, NJ 08903 



Proportlonai reasoning is neceaaar'y In 5cl€^nce, math and in 
related areas, as well as In everyday Experiences . 

_ r"- . ' ■ . * •.: 

S&honberger (1976)' has shpwn a relationship between visual spa- 
tial ability aadL mathematical problem 'solving/ A numbed of other 
studies have indicated a relationship between visual spatial ab-;, 
lllty and mathematical ability ancj between visual Spatial ability 
.and certtan physipal science carj^ip'r?. Indeed^ Julia She'rman (1967) 
has suggaste.d tha*t sex differences In various aspects of intellect- 
ual functioning may be related to spatial ^perception - ' In studying 
the source of sex related differences in mathematics ' performance 
F^nnema and, Sherman (1978) foun4 th^it r^^sults differed by school, 
the purposeVof this study waa to in,vgstlgate'^t^ 
between proportional reasoning and visual spatial ability. 

In order to study visual spatial dblljity in relet iOnship to pro- 
portloatl reasoning and school diffelrences , vlstial spatial ti?sts 
from the ETS Kit of Factor Referenced Cognltivie tes ts were admlnl- 
st^t^ttd t& approximately 200 hlg^ school studentf In griides nine 
and .eleven. These students were falso given writ ten proportional 
reasoning tasks (similar to tasks* of Kjirplus) and verbal compre- 
hension tests/ Rrom this group of st\idents, approximately eighty . 
students (torty with a high visual spatial ability and forty with 
a low visual spatial ability) were selected to be tested with 
Wttkln's Group Embedded Figures' Test . 

The results indicate significant sex differences in three out of 
four of the written proportional reasoning tasks and in the Piaget-' 
Ian balance^ with males per^formlng better. In these same tasks 
eleventh graders performed significantly better. Significant dif- 
ference? were also fou\d between the two schools on these written 
propottions, on the PiagSs^lan balance, on the GEFT, and on two, out 
of five of the visual spatial tasks. 



rflgh correlations were found between the balance and written pro-* 
portions f and between proportions and visual spatial tests, where- 
as correlation^ between verbaj. comprehension and proportions were 
considerably lower. The PSAT score correlations also broke down 
Into two categories: the.GEFT, proportions, and visual spatial 
^«sts correlating more hlghj.y with the math scores; and the verbal 
comprehension tests correlating more highly with verbal scores. 

To summarlzi^, the results Indicate: 

1) a relationship between visual spatial ability and 
proportional reasoning; 

2) sex differences In proportional reasoning but not 
as clearly In visual spatial ability; 

3) differences between school _pbpulatiQ^is_ in prbpor- 

f tlonal reasoning; and, * . 

A) a relationship between visual spatial ability and 
PSAT math scores.. 
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- IDENTIFYING ASPECTS OF COGNITIVE STYLES AS A PREREQUISITE 

TO INTERPRETING TEST SCORES 



Dorothea Grimes 

Rutgera Univ^rsit^ 

' Nev Brunswick, NJ 089^^ 

Test scores are broadly accepted al a measurement of some cogni- 
tive ability or skill. Within the classroom setting many situa- 
tions call for testing where the test scpre Is often used to de- 
tect a student's lack of Qoncept attainment. 

This research Interprets test scores on a three-term series task 

by isolating' and identifying Individual strategies ad9pted by 
subjects. We have found strong evidence of two consistent indi-^ 
vldual preferred ways of 6rganli5lng Infot^natlon on the three- 
tex^ series task. - Introspective reports were collected from 
subjects after the task was completed . Two distinct habitual 
modes of problem-solving were identified for the miijority of 
subjects. One group of^ubjacts spontaneously chosev.? (Con- 
crete) pVopertles approach of assigning physical properties tb- 
objects used in the task. A second group chose an (Abstract) 
directional method of representing the objects in the problem 
along some abstract imaginary, ftcale . The Concrete properties 
group made more errors than did the Abstract directional group. 
AltP^ differences in performance on spieclfic dtmenslbns of the ; 
task as well as performance on certain measures ot spatial ab- 
ility could be accurately predicted for both groups. Although 
It ttvlght be expected that both strategies would have allowed 
for accurate completion of th^e task under non-speeded conditions 
our tasks, as are most test-Jike s|,tuatlons, were administered 
under highly speeded conditions. 

These results suggest that test scores may be a reflection of an 
individual's strategy selection and not a true indication of 
lack of concept attainment. Greater emphasis might therefore 
be placed on identifying aspects of "cognitive styles*' as a 
prerequisite to Interpreting test scores. 




SPATIAL-VISWAL ABILITY AND SOCG^:SS IN EARTH SCIEN(5E IN 
HIGH SCHOOL AND. COLLEGE 
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With the renewed interest ia the study of al^lllties and ,con- ^ 
ditlons which facilitate learning In school^ arises ja resurg- 
ence of research It^terest In the construct of .spatlal^vlsual 
ability. Spatial- visual ability spans the gap between qogcil- 
tlon and perception. It is widely postulated that a major 
coniponent of the conceptualizations of natural 8pl^^<^^ rests 
within the domain of the spatial-visual. To what degree suc- 
cess in science is dictated by spatial-visual ability remains 
an open and crucial question. 

A major contribution to' th^-s field of work is thts body of litera- 
ture on field independence developed by Witkin^ Gopdenough and 
their associates. Witkin showed that among C0lle^student9v -7 
those who are field independent achieve higher grades in mathe^ 
matics^ science, engineering and drqhitecture th^n' those who are ^ 
field dependent. ^. ' 

One part of the construct of spatial-visual ability concerhs the 
facility with which one can extract and use simple patterns from 
within "hiore complex designs . This opera tlon is termed restryctur- 
ing; the research instrument iised to measure this operation Is the 
ErRbedded Figures Test. The current study uses students ' ability 
to restructure as a tool to predict achrlevement in specific sci- 
ence classes at the high school and coll^ege level . ^|phe test- popu- 
lation consists of two groups of science students , 100 , ninth 
graders enrolled in earth science and 65 college sophomores en- 
rolled in a map heading class. Bqt^ groups took .the group( form 
of the GEFT before they stuAed a unit' on contour mapping. Their 
scores on the GEFT were correlated with their scores on the achi- 
evement tests covering contour mappii^g'. ^ 

It la^^ hypothesized that students who are strongly field Independ- 
ent will score higher on the contour "mappljtig test than their' 
field depehdept colleagues both in the high school group, and the 
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colUg« grovp. Superior r#ft<^ucturing skjLll ahpuld fa£illtiit« 
tcadamlc auccaas. The' phenomenon ahould b« stronger in older 
ftuderita where Che apatlalr'Viaual akllta inay be mbff dbiiablldated . 
Furthermore the GEFT yill ahpw -that feVer high school students 
are ak^ll^d at ref tructuting. . • ' ^ 

The reaults for young high school students suggest ^ that .the re- 
atructcirlng measqre la 4inpder»tely predlctlv<5 of ajiccesa It> earth 
science ^(r «■ By .c^onJtrast college sophomores dllffeV widely 

in their restrructuring abiVity both from high school students ^ 
and from fi^ch other. Although th^jjre feems jpo be no predictive v 
relationship usiVig thla tneaiiure for cdllege women for , college ^ 
men tW relationship is aignifltaqt at ,.£he .05 level, t-^^ .33- 
Among the field independent men J^e resf^ructuring mefiaure predicts 
gride very strongly/ rr- 793 ,^p^ 001: - '* ~ 

These results seem to suggest that the restoruc turing ability is 
not as highly developed in the high school yeail-a aa it is in a 
college age population. It would thu? appear that the high 'school 
may. indeed be the appropriate place for effectiv<^ intervention 
to develop greater spatial- visual capacity . Although this is a 
highly speculative notion, effective intervention afimed at the 
spatial- visual capacity could be^^a linK to more efffefctive science 
education. • / " . 
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PRDP08ITI0NAL LOGIC AND ASYNCHRONOUS 

DEVELOPMENT IN SCIENCE EDUCATION 

/ 
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Daring the time we have students in our educational system^ thcly' 
develop . through various cognitive stages , ^s deft*nad by Plaget . 
The thought processes required In science have be€^ linked with 
those defined by Plaget 's fonna^ level; of operation*, which /Is 
characterized ,by abstract though^:. 'However, the nature of science 
education in the United States, 4ven at the middle schools and 
below, la, to try to teach concepts that are very abstract. This,' 
as a review of the literature tells us, is not possible If^ the 
students are not at the formal level of thought, partlcurarly 
in science Oriented "courses , 

It; therefore, behooves us to diagnostlcally determine at what^ 
level students are before we attempt to present these abstract 
concepts. It Vould also be Important to determine: 



I) how we can enfiance these formal operational 
reasoning abilities; and, 
^ ^ 2) what is their pattern of development?^' 

^ ■ ■'•"^ , 

According to Plaget, these formal opera'tlonal schemes develop in 
synchrony. . ^ 



Sixty-six subjects ranging in age^f^om 13 to 23 years, drawn from 
a heterogenous population , wer^ tested. A proposltional Ipglc 
test. Consisting of disjunction, impllcatl^^ and biconditional , 
statements was developed and validated. Ic^wflBtion^ thirteen 
formal reasoning tasks, hlne clinical and rour^aper ^nd pehcil. 
Were used. These assessed either tHe^ scheme of correlations, 
combinations, proportions, or probability. The teat /tasks were 
individually' administered in a randomized sequence. 



The .results 'show. that prjopositional logic Is positively rfl^ated 
''to ability in the formal operational schemes; The Pearson correla- 
tions indicated that the -relationsfiip Is stronger for the schemes 
of corrfelations (r « .sH, probability (r » .63), and pt'oportioas^ 
(r « r.39) than, for the scheme of combinations (r ^ .22) (all p. ;^ .04). 



1^8 



l'^fl'<(Uari^||H|ily8e8 revealed that propoalltlonal logic is necessary 

and probability tasks, may be helpful In 
' >^lng propwtiohs tasks ♦ and not necessary in solving combinations 

;V . . h 

Itlpnally /S^hree hypotherized hierarchical models of the correla- 
cbmbln^y^'lbns , proportions ^ and probability schemes were ex- 
ps^W otl^^ring theory. The prerequisite relations among the^ 
ies^we't\e de^femined by utilizing the response patterns of the 



and ^'^"^ 
^ ted 
f entlyi 



It wa^determined that both the schemes of proportions 
lations^Vre prerequisite td the scheme of correlations 

scheme^ l?v probability. Furthermore ^ the resul ts indica-^ 
^e corr^ations and probability schemes develop independ- 



One outvgrtiVth thtJrV'^esearch might be to determine how the thought 
process d#tined \;by . pr^ositrional logic develops. Perhaps there is 
a crlt^ic^^r^e x^en could focus on these logical operations of 
propos'llj^(^1>^r^-^ induce their development. If abil- 

ity in prdjl^t^ional 16gic is in fact a significant ingredient in 
formal r^s^t^^^ then turn, formal level reaijonin^ would be 
enhanced/ \ ';>ftot^ 

In add! t ion , w;:W(*v4d seiya^ tha-t if there is a hierarchical relation- 
ship among the'j{^rn^l;^o(>erdt ional ^ then further' Vesearch 



should be desi^vj^ $Vc5h 'tha|^q^ pf the formal )9ch ernes is assessed 
individually. (>'fj|^4rwise ^ quite possible that accurate,, results 

would not be est 
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THE EFFECTS OF EXPERIENCE BACKGROUND AND AN ADVANCE 
ORGANIZER ON ELEMENTARY PUPILS ' UNDERST:ANDING 

OF SELECTED SCIENCE CONCEPTS - |L * 



Exyl« Ryd^r 



Southern University 
Baton Rouge, 7 Jjp 1 3 , * ^ 



\ Burtorf E- Vo8S 

• University of Michigan 
Ann Arbor, Ml .48109 



This study wes undei^tis^k^n to: ' 

"^I) determine whether specific experiences in the pupl^ 
background slgalflcdntly Influence the ability to 
understand -two concepts on air pressure;, and, 
2) Investigate the effects of an advance organizer on. 

the pupils* ability to understand the two concepts v *^ 

' * . • ■ 

It was hypothesized that previous ex|>osure to cei:t#ln relevant 
experiences would enhance the ability to master the concepts' in- 
volved in the s-tudy, wherea's a lack of .^fcxposure to these fxperiences 
would be a disadvantage '^o the learner. A background, '*Experlence 
Inventory/' developed^y the InvestLlgator , was admitlistered to a 
group of 401 third and fifth graders of diverse experience back- 
grounds. On the basis of the information obtained on the Inventory, 
a sample of 80 pupils was ' selected , representing 40 with "good" 
Experience backgrounds and 40 with "poor" experience' backgrounds • 
Other variables on which the sample was equated were grade^ sex, 
and tre^^tmeat. Assignment of pupils to the first three categories 
was fixed, while placement into the treatment groups was random. 

The experimental treatment was based on David P. Ausubel's sub- 
sumption theory, which states that the understanding of new learn- 
ing materials can be facilitated if the learner has available to 
h im , in advance , a very gerieral , abs tract , and ' Inclusive statement 
whith subsumes the new and more specific content to be learned. 
Such a statement enables the learner to easily and meaningfully 
assimilate the new information. 
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A dMionttratlon-ln^«rvl(iw wat conducted, ln<*ivldu«JLly / \iKth every 
cfilld in tfie experlmen tei end control groupV at vhich ttme four 
demone tret Ions were performed. Prior to obeervlng the demonatra- 
tlone, puplla In the experimental group wer# read v a 260-word con- 
ceptual paaaage, called an ''advance organi«er.'' The olrganirer 
contained backgrpurid information coneidered neceeaary to promote 
the underatanding of the two concepts on air preaaure. The control 
group did not receive the organizer. 

An achievement teat, designed to measure puptl understanding of 
the two concepts, was administered on the third or fourth day follow 
Ing the demonstratloti-lnterview. Tl^ree levela of cognitive behavior 
were measured: knowldege, comprehension, and application.* 

The 'findings revealed th^it grade, sex, and treaitment signlf Ican^tly 
affected pup^l^understandiftg of the two concepts, and that .experi- 
ence backgrourtd had no s ttfttstleal'ly significant effect. Statisti- 
cally significant results were also found f9r t*he interaction of 
grade and, treatment , It was determined that the experimental 
treatment caused the greatest variation in achievement test scores. 
Achievement was highest for fifth graders, males, and, foV those 
pupils identified as having "good" experience backgrounds prior to 
pdrt?4*e4j>ating in the study. 

It was Concluded that: * , ^ 

the advance organizer is njost advantageous to pupils ^ 
with rich experience backgrounds; 
the advance organizer ^approach is a potentially 
. effective ins tructlonal tool for relating the content 
of ^'advanced" subject matter to elementary schotSl 
children; 

3) elementary school children In grades three and five 

are able cp, ^rasp the concepts on air pressure, most 
effectively, at the "knowledge" level* of cognition; 
and, 

4) some experiences engaged in by the children are 
significantly related to the understanding of the 

concepts on air pressure. 
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ANAijC)GICAt RfASONlfilG» IXWtCAt REASOtfIite» 

AND FOUMAL OPERATIONAL THOUGHT 

Morris A. Enyearti^ 
* '■ . ' ^ ■ 

Rutgtrs Univertlty . 
New BWniwicTr/TTJ"08^^ 



Objectivaa and Rationale ^ ^ • 

Reaearchers investigating the ^cognitive, aspects of analogical 
reasoning ofteji disagree about tl)e nature of the relationship 
between that type of thought apd Plagetian operational thought* ^ 
Contrary to those who report that analogical reasoning requires 

only concrete operations is a group, which includes Piaget,\ ^ 
that contends an Individual must be formal operational in order 
to engage in analog'^lcal thought ! 

^> 

Tt seems reaspnable to propose that if analogical reasoning Is. 
Indeed related to format' opera tl^J^s , we should be ahrle to intervene 
on certain thought processes known^. to be associated with that level 

of thought and observe predicted changes in analogical reasoning - 

ability. This study was designed to test that prpp6sal.^ 

Met^odol^ogy and Design 

The non-random sample consisted of 72 students enrolled in an intro- 
ductory logic course at a large eastern university. A ,pretest-ii;iter* 
vention-posttes t^ exper|.mental design was employed with training in 

prepositional logic being the independent variable and analogical 
reasoning ability the dependent variable. ^ 

Instruments and Data 

The pretest data included non-clinical tasks to establish the degree 
of formal operations possessed by sub jects (Lawson , Karplus^ Adl> 1978); 
verbal and numerical analogical ability .(Lunzer, 1965); Group Embedded 
Figures Test for field dependence-^ indeperidence ; proposl tional logica I 
ability; and SAT verbal dnd math scores. Subjects were pdsttested 
on propositional logical ability and analogi^cal reasoning ability.. 
Course achievement scores were also considered a part of .the post- 
test data. 
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Sta tin tics from the SPSS program that were uacd to analysf the 
data ware correlations^ t-teata, factor analyala^ aad fnuUlpIa 
regeraalon. - . , 



Reaulta 

1) Protest meaaurea of formal operatiotia were algniflcant ly 
positively correlated with both analogical reasoning 
ability and propoaltlonal logical ability (p ^ .001) 

2) Pretest measures of proposlt ional logical ability and 
analogical reasoning ability wwe algnlf icantly , poal- 

tlyelyVcorrelated (p * -0071. 

3) The mean posttesj^ scores on both the propoaltlonal logic n ' 
test and the analogical reasoning test were significantly 
higher than the pretest scores on the sftt^ie measures* 

4) For those subjects shoeing growth on the proposl tlontfl^ 
logic test and the analogical reasoning teat, that 
growth Is relate^'d to the subject's score on the Plaget- 
Ian measures . " 



Conclusions 



\ ■ 



By intervening^n- spect Eic thought' processess known to be associated 
with formal operations, it was possible to show a resultant increase " 
in analogical- reasoning ability. In addition, corresponding idcreases 

arialogical L*easonlng ab'llity and propo/i tlonal logical ab|.lity 
were greatest in subjects that exhibited the greatest degr€J#-^f 
formal operation^ on the pretes t . measures . Clearly, If analpglcal 
reasoning did not require formal Operations ,*^hese results- would 
not have been Hkely to occur. * * 
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ASSjksSIMG THE QUALITY OF PRIOR LEARNING " 

I 

Plncha* Tamir 

Hebt«v Unlvtrilty 
Jaruialemi laraal 

Rationaia and Qt^jactivaa 

' ^ V. ^ /' :^ . ■ ' ■ ' 

Tha conunon way fco aaaeas the quality of prior learning la by 
lirana^late achleVament teata, Somatlrpea ^ evpeclally in raaafrch 
atudlea ^ retention teata are admlnlatered uaually a fev weeka 

after the completion of the Qourae, ^ While both achievement 
and retention teata are n^ceaaary and va^luable^ they have aetloua 

llmltationa as far aa being Indicatora of the quality of learn- 
ing. There foTje, many may agree with Auaubel (1968) that *'perhapa 
th^ most vall<|i way of testing for organizational strength and'via 
billty of knowledge -Is to measure retention in the context pf 
sequential leiarnlng in situations where tha ability to learn new 
material presupposes the availability of the old.*' Ausubel sug- 
gested two approaches to the measurement of the ^'aptitude for 
further learning" (Cronbach, 1963), or viability of knowledge: 

1) Transfer retention tests, which require students to 
study an unfamllar new learning passage 'that is 
sequentially related to and presupposes knowledge 
of previously studied material. 

2) Long term transfer paradigm, in which the aptituda 
of .students for further learning in a particular 
flfild is assessed by measuring their achievement in 
the subsequent learning tasks , and by relating this 
achievement to their prior learning experiences. 

The purpose of this study is tO! 

a) demonstrate how the suggestions of Cronbach 
X and Ausubel can be implemented in schools; 
b/v describe a niew Instrument, thcj Prior Know - 
ledge and Learning Inventory (PKLI) and its 
pote^iittal usage; 

c) demonstrate the validity of PKLI; and^ 

d) Introduce the. concept of, Retrospective Curri - 
culmn Evaluation , 

I 
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Method 

Th« iubj«cci of ch# itu^y w»r* 116r bUology mijori «nrollid in 
61rit year Golllege biology at the Hebrew University, Jerusalem. 
Their 41jitrlbutloa according to their high school program was: 
35% studied the old coventlon^l curriculum, 47% studied the 
Israeli BSCS adaptaclon and lft% a combination of both, the dlfr 
ferent questionnaires and tests were administered as part of thcf 
routine procedures of the college^ blologfy course, by the course 
instructors. The following Instruments were used: 

( 

1) Background questionnal re which ascertained the 
nature of high school experiences; 

2^ Pt'^-Q^ Knowledp;e and Learning Inventory (PKLI) 

wee designed according fco-^rHErameworkr euggested — 
by Tamlr and first reported by Youhg and T^apUIrt 
(1977). The lr\yentory consists of a list of 
concepts or skills which is usuatly prepared by 
the course instructor. For each item (Concept 
or skill) the students are asked to make two 
Independent ratings, one for each of the follow- 




ing: 



a) Degree of Knowledgjs Scjale :, 

This is a 5 point scale' In which: 

1 » r don*t know, don't understand 

cannot do., 

2 ^ I am not sure if I know, or, 

understand, or can dO; ' 

3 " I think I know what it means, 

I think I can do. • ^ 

4 « I know, undej^stahd, /can dp well. 
5-1 can explain, show how to do, 

to others . • * 
F^^Q^ Learning Scale : 
This is a 2 point scale in which: 

1 ■ I have not learned thl?. . 

2 ■ I have learned this. 

In the present stu5^y a list ^f 86 
concepts and 15 skills was included. 
The backgrouhd questldnrtaire and Pl^LI 
Vere administered in a special br,lenta- ^ 
tion meeting 4 weeks b.efore the be^ln- 
aiag of the course. 

c) Achievement Test : 

\ Final examination consisting of 60 multi- 
ple choice items with KR20 reliability of 
0.86. 

d ) ^ Perceived Difficulty and Interest^ 

Qu^stionaaire ; (POIQ) 

consisting of a list of topics included 
in lectures , laboratories and group 
discussions,' The students were asked 
to indicate for each iteni) on^ a 5 point 
scale (a) the perceived difficulty, 
0>) the degree of Inte^r^st. 

^ 
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Th« last two lnttrum«ntt w«r# «dnilnltt«r«d the tnd of thm 

courl^e* ThA datji was analyK#d by computT prograrot ylaldlng fre- 
quency dlstrtbutione^^ meant^ standard deviations, correlatlons» 
trteats and analyala of variance* 



Results and Conclusione 

1) The study demonstrated the feasibility of measuring 
^ prior •learning and prior knowledge as a roi^lnge 

procedure in any course. ; " 

2) PKtl was found to be a valid and reliable measure of 
prior learning and prior knowledge of concepts a^d 
skills. 

3) Knowledge at the entry to the university was found to 
be positively correlated to the ^nature and quality of 
learning biology In high schoolV 

* 

4) Achievement In college biology was significantly cor- 
related to prior knowledge, prlot: learning, and the 
nature of the high school curriculum. . ^ 

5") Perceived difficulty and Interest were significantly 
correlated to high school experiences^ prior learning, 

and achievement. ' * 

6) The resuJLts Indicate that thej Inquiry oriented BSCS 
curriculum In Israel provldea meaningful learning 

r eitperlences which had substantial long term^ effects and 
gave significant and considerable advantage to^ students 
In their university studies. 

7) Retrospective eval^^uation, built oa sound theoretical 
ground, adds an 'impbrtant dimension to the, field of 
curriculum evaluation. . - ' 

The potential of PKLI for guidance, consultation, instruction and- 

evaluation is' dlscassed in the paper-/ ' 



References 

Auaubel, D. P. Educational Psychology -- A Cognitive View , Holt 
Relnhardt and Winston, New Yqirk, 1968, p. 57 7 

Cronbathi L. J. Course Improvement through evaluation, Teachers „ 
College Record . 1963, 64', 672-683. 

Young, D. B. and Tamlr, P. Identifying what students know, 'fh» 

Science Teaeher , 197 7, 44, 2 7-2S. ' . 



136 



\ AN INVESTIGATION OF THE ACCEPTABILITY OF MARINE EDUCATION 

* 

^ CURRICULA IN ELEMENTARY SCHOOLS IN MAINE 

A- 

John W» But2ow 
University of Maine 

^ jOrona, m jQ44d9 : : 

Harry H. Dreiser 

Gould Academy ^> 
' Bethel, ME 042\7 ' 

This study attempted to Identify dlff erences ' which exlstedfln a 
number of variables among schools which accepted, rejected! or' 
mad^ exploratory use of ati tnnovaVlve marine ed^icatlon cQTrlculum. 
The curriculum material con^i^ted of one Instructional unit (tea- 
cher's guide) each for grades Each of the ynlts had an 
^aquatic, or marine focus, at)d each was an infusion unit. That is 
it was intended to provide classroom teachers with exercises and 
activities related to marine^, or aquatic topld^pifor use In teachln 
in their standard grade-level disciplines. 

The selected variables for this stuc}y were percentage of male 
teachers on a school staff; percentage, of teachers by age categor- 
iel5 on a school s^aff ; percentage 6f teachers with academic .pre- 
paration in mathematics^ science, and social studies on a school 
staff; school pupil to teacher ratio; school total number of pro- 
fessional staff members ; coOTTuinlty per pupil expenditure; communlt 
socioeconomic status ; and the number of highway miles from the 
community to the marine environment. Organizational Climate De- 
scription Questionnaire (OCDQ) opertness scores^ the eight subtest 
scores, and school climfjte type by Halpln and Croft's prototfypic 
categories were also considered. ^.s 

Principals' o^ 64 Maine elementary/ schools provyL^ed some of the 
necessary demographic data^ and .^adminlgiere^d tli\e OCDQ^to their 
teachers , following prescribed guldellnes^to in^fure anbnymity. i 
J^t the. same time, marine education Infusion units produced ^by the* 
directors and staff of the Northern New England Marine Education 
Project wiire distributed through the principals to the teachers 
of the schools- At the end of a six-week study period, the prin- 
cipals provided datia on the use made of the marine eduction In-* 
fusion units by the teachers la their schqdis. From 'this reported 



use» the schools were categorized Into accepting schools^ reject- 
ing Schools, and schools which made exploratory use of the Intro- 
duced Innovative material. 

The variables of teacher preparation in matihematlcs> ^nd teacher 
preparation In science were found to be significant variables at, 
or beyond, the .05 level of significance by a one-way analysis 
of variance. Schools with higher percentages of teachers with 
academic preparation in mathemVtics and science were more likely 
to, explore, or. ac^cept the innovative marine edui^iatlon rnaterial 
than were schools with lower percentages of such teachers. 

T-test:s showed highway miles from the mariae .environment and 
percentage of upper white collar workers in the community to ' 
be significant variables among accepting, rejecting,, and explor- 
ing schools. / 
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RELATIONSHIPS BETWEEN STUDENT ATTTTIJDES tOWA!U):SELECTED 
ENERGY ISSUES AND STUDENT PERCEPTION OF THE' QUALITY . v 
OU THREE PEEC ENERGY EDUCATION UNITS 

Lynn W,^ Glass ^ / ^ • \ 

Iowa State Uni(,^er8ity 

Ames, lA 50011 , ' ^ 

IHelenmarie )lo^an 
National Science Teachers Association 
Washington, DC 20550 



The challenge of an ever increasing Energy consumption rate will* 
need to be met from several fronts if our natioia is going to con-^ 
tinue to prosper as we have known it. One of the major fronts to 
meet thJLs challenge is through the educational system with* high 
quality curriculum materials and excellent teaching. The specific 
objective of this study was to: 

Collect data from students In a iihid test of ' 
three Projec t for an Energy Enriched Curriculum 
(PE;EC) draft units that would permit making .. 
rational decisions about' the final form of the 

/ three uni t^ . 

The Project for an Energy Enriched Curriculum ts beir^jf developed 
by the National Science Teachers Association under contract to 
the U)f^ited States D^^artment of Energy. The three uAtts, Coal , 
Energy for the Future » and Exponential Growth, were ,designed by 
the PEEtr'^staf £ with concurrence from the b^oad-based PEEC steer- 
ing com)[nittee. Teachers were selected in a nationlal competition 
to writje the units based upon the quality of an energy lesson plan 
they submitted. The teachers .met in the summer of 1978 on a- col- 
lege campus where they had a^qcess to the necessary scientific and 
technical expertise to write the units based upon the outlines pre- 
viously developed by the PBfiC staff arid steering committer. 

Teachers who had participatted in a National Science Foundation 
Energy Education workshop volunteered to field-test the m^^erlal. 
Five teachers and 234 stud^n^s participated in the field test qf 
Coal , six teiichers and 2|lr students field- tesited Exponential . 
Growth ) and two teachers, and 171 students field-tested Energy for 
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th# Futut^e . All. students wera in grades seven through twelve. 
^Teachers maintained \ dallv_ log of their teaching activities with . 
thf units as well as ^annol^ ted th^ margins of the teacher * s^copy 

of the units. , 

• ^ I. ■ 

. * ♦ 

, - 4 . . .♦ 

Data reported In this s^udy coiye princlpal]Ly from a fehifty item 
student questionnaire that Was admlnlsl'ered at the completion of ^ 
the Unlt-^ Ten of the' Items ^llclt energy opinion fr^d were used 
by the National Assessment of Educational Progress .^The regaining 
Itmud were judged by the ?EEC staff, the author of this paper, ^and 
§ panel of twenty teachers to measure their ir^tendlad .purpose , 
Twelve of the Items were designed to ascertain the Students* per^ 
ceptlons of the quality of the units^ two Items, to measure the 
students' attitudes^ toward school and learning, and six Items to 
determine student goalii and to collect demographic Informatldn. ^ 

Although the details of this fotthatlve^ evaluation project are too 

numerous to report here, they can be-'^summarlzf^id in three broad cat 
eyries /Geneyal'ly, students who ^Ind school work interesting ^nd 
find 9i:hool learning to be relevant to thet^f Int^etests ra^e most 
aspects ,of all/ three units very highly. St;udent8 whp Indicated a 
wllllngnesis to conserve more enetgy If they ,jcn^w how to also rated 
most aspects of all threfe ufilts very favorably. Students who pos- 
sess a"reajlstlc view of ftVir energy , problems , thsts Is, do not 
believe our energy problems are over, bellCA^e that energy short^ 
ages pbse a serious threat to the future, and believe that a^ 
world consumption of energy increases available supplies to the ' 
United States will be less , also' feel thiJt the activities^ la^all 
three units caused them to think a great deal about energy. 
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A cooperative research effort of NARSTi^nd NSTA has been conducted . 
through the cooperative efforts of these two orgar^lzaflons V research 
committees. The efforts have Included: ^ ' 



1) the Identification of research^prlorl tl6s teaching, 
practices as percejLved by ^elementary school xfcacher^^^^ 
of science and secondary school science' teachers ; ^ 

2) ' the' development of a research network for, science 

educat'lpn; and, , , > 

3) , the preparation, of a proposal to irtifelaba ^ct;lve 

part Iclpa tion ' ahcl cooperation of 'res^tirchers and , ,^ 

teachers in formulating, designing, conducting, 

and Sreportlng science teaching practice research. ^ 
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Purpose 

1) To briefly Review the history of the laboratory in 

science teaching; 

2) To review research findings regarding the effectiveness 

of laboartpry instruction; 
^ 3) To crlticaily analyze studies conducted thus far; 

4) To'suggest tnethods for overcoming the limitations observed 
in the studies to. date; 

5) To suggest specific new, dimensions of potential relevance 
to teajchlng.and learning In the laboratory; J 

6) To provide a synthesis of suggestions for j^seai/chers 
working to clarify the role of the laboratory lii^ scleTCpe 

"edvication. 



Rationale 

For years, xlany science educators have thought the ^asie for science 
laboratory teaching to be tob obvious to need much argument. Lab- 
oratory teaching and learning has been assumed by many to have a 
central and distinctive role in science education. At r,hls time, 
however, some educators* have begufi to seriously question the effec- 
tiveness and the role of laboratory work and the case for laboratory 
teaching is not as self-evident as it once seemed. The review of 
research relating to the science laboratory prepared by Gary Bates 
and published by NSTA in 1979 ptovlMes very little evidence on the 
basis of which extensive and- expeasive laboratpry teaching can be 
justified. Ic is also cl«ar from the review, however, that the 
.research is very incomplete and evten Inconclusive.^ If the research 
community does' not provide a critical and positive response, It 
is reasonable to assumoth^t some educators will cite the Bates 
report as justification fp.^r drastically curtailing laboratory 
teaching. Past research studies can' and should be analyzed and 
criticized and new dlmenslbns and directions for research on the 
laboratory should be prepared. Some areas or dimensions of lab- 
oratory learning have never "been properly' explored . The primary 
goal of this symposium will be to review current research and 
state of the art and to propose new directions for future research 
and development on the important topic of laboratory learning in 
science education. ' \ 
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A StIjDY of sixth-graders ' ENERGY A 

EVALUATION OF AN ENERGY MODULE 




. Lloyd H. 
Ualver*lt;y of Maj/ne 




The purposes the s tudy ^1||pr^ fne«; la attltV^4M 

between the control group, the group that studied energy > and the 
group that used the eneifgy module, Erjyargy for Today : and Tontorrow 
(Catawba County Schools', 1978), and to compare the differences In 
attitudes between sexes. ^ ^ ' ! I 

A 17-Item Instrument modified by Ayers(1976) of the Pennsylvania 
Department of Education (McDermott, 1973) was utilized to ascertain 
the attitudes toward electrical energy. The Instrument Items were 
gxouped into three categories nuclear power, environmental impact 
Vof electrical power generation , and electrical power generation. 



Dat^ was coj-lected from four test sites totaling 1^3" sixth gra^e 
students (83 males and 80 females). Each subject completed the 
Instrument by indicating their degree of agree^nent. or disagreement 
with each stat^ement on the Instrument. Based ba student reponseS' 
the mean score for each stat^me^nt was computed' for each group ahd • 
sex group. At one site, a random sample of subjects' (12 males and 
11 females) was selected for a pre/posttest design of fhe energy 
module. Both males and^ females showed a more positive attitude 
toward electrical energy after completing the module. The gain 
from pre to post test was significant according to a t«test at 
the .05 level, tt can be Inferred that the energy module did bring 
..about a change in energy cittlcudes 'although the length of time 
(three weeks) and the small number of participants indicated fur- 
ther analysis. A two-way ANQVA was done to ascertain the Impact 
Qt the energy module upon ratal population. The overall analysis 
revealed significd^nt treatment ,|evel (energy, module versus control) j 
sex (male versus female), and Interaction (treatment X sex) at .05' 
level. . . 

Due to significant interaction, the design was partitioned into 
four separate one way ANOVA which indicated that thj significant 
Interaction (p ^ .05) was caused by the male control group. The 
utilization of the energy module provided males with more opportun- 

LMtes for clev^.lopnien r of positive attidudes toward elect rical 
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•n«rgy t\\(^t\ for femalen. The subjects In this study had less 
positive attitudes toward electrical ener'gy than reported by Ayers. 
Males within the control group were more cautious than females 
while thb- females within the^ energy module group were more cautious 
than males . 
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A m-CHEMlSTRY SECONDARY COURSE ON ?ROW)RTIONAL CALCULATIONS 



Madeline P. Goodstetn 
William W. Boelke 

Central Connecticut State College 

New Britain, CT 06050 



The Scl-M6th Project underto^ the development , teaching, and ' 
assessment of a course on th^ applications of proportional calcula- 
tions needed by secondary school students to study chemistry and 
physics. Seventy-six students taking college-preparatory biology 
studied the sci-math course during their regularly scheduled ftee 
periods for a total of half a' semester prior tolthe study pf chem- 
istry. Topics covered, not necessarily in.ordei: of instruction, 
were rates , direct arid inverse relations , direct and inverse 
proportions, dimensional analysis, symbolic, rate equations set up 
from data, percentages, i nterconverslons of rate and ratio equations 
and graphs^. Familiar variables from everyday activities rather 
than frpm science vrere used for problems. Several simple labora- 
tory experiments using familiar equipment were performed. A goal 
of close to 100% achievement was set for the first part of the 
course, To achieve, this took longer than was exnected so some of 

the Idttier part of t:he course was not completed. , 
t ' ' t 

The effect of the scl-math course on the student ^s ability to solve 
problems in proportional ,cfi Iculattons not l,n\4olvlng scientific 
concepts was investigated, as was the effect of the course on subse- 
quent performance in chemistry. The data Indicate that proportional 
problem-solving can be successfully taught in the high school when 
applied to everyday and consumer activities. The null hypothesis 
that students who ha'd previously studied the scl-math course did 
not differ in the use of correct strategies to solve chemistry 
problems from students who had not taken the course was tested by 
analysis of variance. It was not rejected since the signlficaace 
was 6%. These results $ trongly suggest replication of this study. 
An imporved .curriculum and a longer period of study may weH make 
the needed difference in chemistry achievement; 

Scpres on the del-math course post test for the control group were 
significantly related by the c'»>i-square test to Piaget cognitive 
levels measured by a written test. No correlation between post- 
test score and Plaget level was found for the <<jcperlemental group. 
This suggests thot s^udetUs preparini^ for chemistry can-be taught 
to solve both concrete and formal proportional calculations inde^ 
dependent of the Plaget level of tJje students when the variables are 
familiar^ to the students. ' 
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THE EFFECTS OF PROBLEM SOLVING ON. THE 
AC«IEV^HENT OF EARTH SCIENCE STUDENTS 

AS mIeasured with bloom's taxonomy 

J. Michael Ruasell ' 



^ Averett College 
Danville, VA 24541 ' 

Euge9,e L. Chlappetta 

University of Houaton 
- . Houston, TX 77004 



Prominent among the goals stated for education Is the inprove- 
ment of students* ability to think.- Problem solving Is a term 
that has frequently been ^>sed to represent and to promote the 
notion of thinking. It' has been defined for this study as a thre6- 
step procedure to incj-ude problem Identlf Ic&tlon , Inquity to 'deter- 
mine relevant information, and the discovery of relationships* 
This model of problem ^solving has many -similarities to the applica^ 
tion level learning described In Bloom's Taxonomy of Educational 
Objectives ■ ' ' 

The purpose of this study was to Improve eighth "graders' ability 
to apply and analyze earth science subject matter through a pro- 
blem solving approach to Instruction. 

The population for the stQdy consisted of eighth grade earth 
science students attending a suburban middle school in the sou'th- 
west. Fourteen sections (n 287) were randomly assigned to seven 
control groups. 

The control groups received a traditional textbook oriented |orfn 
of instruction which included reading, discussion, and l^bora\ory 
activities. The experimental groups received instruction which 
included reading, discussion emphasizing application and analy- 
sis level questions , ^and problem s'olvlng laboratory activities. 
The treatment lasted six weeks. 

A 40*item -achievement test was administered to detennlne/the 
effects ot* the .trea(;ment . It: consisted of ten items construpted 
at the knowledge, comprehension^ ^fl^ppllcatljbn, arid analysis levels. 
The /fest reliability was det*ermlned to be • • 78^ (Kuder-Rlchardson 
20) > 
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The Hotellelng'fl was used to determine If a pattern of 

dlffeteoces was produced across the four subtests betviieu the two 
treatment groups. This analysis Indicated there were significant 
differences (p ^ .001). Univariate F values computed for each 
subtest showed signilicance (p ^ .001) in each case. A discri- 
minant function analysis determiaedxtha t the application subtest 
(.70) appeared to be the best discriminator followed by the know- 
ledge ( 34) , compreheaslbn (.13)» and analysis (.08) subtests . 

The median taxonomlc level of teacher initiated questions ask^d 
during ej^ssroom discussion in the treatment groups was analyzed 
from data recorded on the Teacher-Pupil Question Inventory. The 
results indlj^te that the in^dian levellpf questions asked In the 
problem solving classes was higher (p * ^005l^ than in the conyen- 
t Toaal classes . > 

The result^ from this study indicate that the problem solving 
approach used seems to be ^n effective means for improving the 
achievement of earth science students. It will increase test 
performance at the knowledge, comprehension, appllcatlQlUr SRd 
analysis levels. In particular this strategy appears to have 
"greatest effect on. the application of subject matter. 
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EFFECT OF A VALUES -ORIENTED ENVIRONMENTAL EDUCATION UNIT ON^ 
THE ATTITUDES OF PRESERVICE TEACHERS AND ON THEIR STUDENTS 



Dorothy M. Andrews 



rbomfield Schodl 
:" Harvard, MA 01451 " 

Gerald Abegg ' 

Boston University 
Boston, MA 02167 

The purpose of this research is to evaluate the change in attitude 
of preservice elementary teachers toward envirorjmental •concepts 
through instruction in a values-oriented environmental education 
unit and to evBluate the change in a ttitiyde .toward environmental 
concepts of pupils taught by these preservice teachers during their 
student teaching assignments < /rhe null hypotheses are: 

1) There wilX be no difference in preservice elementary 

teachers receiving instruction In - a values-oriented / 
environmental education unit and a group of preservice 

elementary teachers who have not recie^lved this- Inst rite- 

tlon. _ - • 

.2) There will be no difference In elementary pupils' atti- 
tudes toward the environment between a group of pupils v 
taught by, teachers/ who have received instruction^ In' a 
values-orlehted environmental education unit and a 
. group of pupils taught by teachers who have not re- 
ceived this Instruction. 

The experimental design developed to test both these hypotheses is . 
a Lindqylst Type I design. The experiment can be summarized as a 
pfetest/posttest control group design. To measure attttudinal 
change for the first hypothesis, Environmental Assessment Instru- 
ment I was developed* This Included a semantic dt f f^erential 
consisting of sixteen environmental concepts and a forty-five 
Item cognitive test to^ measure attltudinal change. For the second 
hypothesis , Environmental Assessment Instrument II, a Likert-type 
Instrument consisting of ten environmental concepts was developed. 
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The population for the Intltal study consisted of 48 undergraduate 
Junior students ehrolled in the course. The LeaVner and His En« 
vlronment, at Boston University School of Education. Prior to 
presenting the instruction, Environmental Assessment Instrument I 
was admlnstered, as a pretest, ' The experimental group received . 
InstructioA in a valuep-orlented envrionmental education unit. 
At the conclusion of the instruction period Environmental Assess* 
ment Instrumc^nt I was administered t;o both groups as a posttest. * 

Nine preservice teachers and 131 students participated in the 

foilow-up sttudy. Prior to Instruction Envrlonmental Asiiessjnent 

Instrument II was administered to all pupils as a pretest. A 

After presenting a mlni-eiivlronmental unit to their pupils, 

EnviFoTimen tal Assessment I ns tr uq[i<giht II was administered as a 

posfctes t . , , ' . \ 

♦ 

Data from the semantic differential were analyeed by an analysis 

of covariance vhlch showed there was a significant difference 
(p ^.05) in attitude toward nine of the*slxt;e^ concepts as a 
result of the va lues-orien.^d environmental edi^cation unit,. An 
analysis 6f covarilanc^fe on the data frdm the cognitive testi showed 
a significant difference (p ^ .0001) in knowledge of ecological 
facts and principles in the expe r imen t a 1 grdup . 

la the follow-up study the posttest scores on Environmental Assess 
ment Instrument II for both the control and experimental groups 

were analyzed using an analysis of variance. The results were 
significant beyond the .01 le^'el. 

The following conclusions may be drawn from the results of this 
study ; 

The attitudes of perservice teachers 'toward environmental 
concepts changed Significantly as a'^result of Instruction in 
a va lues-orienced eiwironmen tal' education unit. ^ 

The cognitive knowledge of ecological facts and principles 
of preservice elementary teachers increased signi f ica'at ly^ 
as a result of ^instruction in a values-oriented environment- 
al education unit. 

Preservice elementary teachers who' have received instruction 
in a values-oriented environmental education unit are able 
to elicit a positive attitude toyard the environment In their 
pupl Is . 
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EVALUATION OF ELEMENTARY SCIENCE MAGNET SCHOOL PROGRAMS 



Claude H. Cunningham 
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Houston Independent School District 
Houston, TX 7 7027 



The goal of encouraging school Inte^Mtion through instructional 
means has led many urban public, 8choo> districts to develop Mtfgnet , 
Schools. Ma^gnet Schools, by definition, are high quality progrlams* 
which, by the nature of their offerings, ^attract volunteer students 
from all racial, ethnlcr; geogrfiphlc, and Boclo-econdmtb sectors pf ^ 
the commurilt^y. , It is Assumed that high equality spetiiallzcd insttuc-' 
t^ional programs will provide adequate n)otivatlon and impetus for ' , 

meaningful voluntary integi^-ation. - . - 

• f., - • 

/•.."•": 

Any attempt to evaluate T^agne't School programs must have at le'a5;t: 
two dimensions ^ First, their impact on integration must be de- 
terrainad- Second, the quality of the program must be. examined. 
The evaluation of the quality of tlje Magnet School Project in ^ 
Houston assumes that each program will establish objectives which 
represent a consensus pf the profession in both cpMent and Aca- - 
demic skills . This assumption, requires periodic velra.f icat ion to > 
assure/^he content validity o,f Magnet School programs,. Results of 
past validity checks h'^ve revealed both strengths .and weaknesses 
which have provided a basis for program revision and revitallza- / . 
tlon. This pap>fer deals with the 'design and procedures use4 In • 
evaluating the elementary science Magnet School programs in Houston, 
It will serve to introduce the other papers in the Set. 

I ''I . ■ - 

Desig n 

The deaig^i selected for this study was a non-equivalent contrpl group 
design with post hoc analysis. T!ie treatment group was drawn from 
students attending elementary science Magnet Schools; the control 
group was drawn from students attending npn-sclence elementary 
Magnet S(,:hools, The groups are non-equivalent in that randomize* 
tion was not possible In assigning student groups. Post hoc 
measurement was necessitated due to lack of opportunity for pretest- 
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Sample 

Students were selected from the identlflt»d groups for Inclusion 
in the study using random ^election of student identification 
numbers by computer.^ Members of both .groups were attending Mag- 
.net Schools during the sfudy and had been enrolled in the same 
Magnet Schools for at least one and one-half years prior to the 
study. Stitdents In the study Samples Were rjindomly selected 
from groups which were alike Ip ethnic make-up and sex distribu- 
tion. This balance is controlled by a federal court desegregation 
order. 



instrumentation 

Four variables were Identified for measurement and analysis in 
this study. The variables were: science content achievement, 
skill In classifying and Inferring , and general academic aclileve- 
ment. Science content achievement vas measured using the Science 
subtest of the SRA Achievement Seriep . General academic achleve- 
ment was measured using the Composite S core of the ^lowa Je s t of 
Basic Skflls ... 

Students * skil IS in:'clas8if ylng and inferring* w6re measured using 
two loca^ly^prodticed tests; the Wl\i tso;i Classi lying Measure and the 
Whlt'son Inferring Measu re . The development of these tests is dis- 
cussed in another paper in this set . 

Procedures; 

Students selected to participate in this study were' tested in the 
Magnet School ihey attended In gropips of 3G or fewer. The four 
instruments were administered at three sessions with about two 
weeks between sessions. 



THR DEVEtOPMENT. OF NON-READING, PAPER AND PENCIL 
V MEASURES OF CLASSIFYLNG AND INFERRING SKILLS 



Betty A. Whttson 

Houston Independent School District 
HouStoft, T3(-77027 

Jacob W. Blankenship 

*Uaive#ity of Houston 
Houston, TX 77004 



latroduct tog ' . 

Validated, non-reading, paper ^nd pencil, "^roup adrainis'tered 
assessment lastruments designed to accurately as£(jes8 student 
abilities to' classify and infer were essential to the research 
design of this study. A search of the literature on assessment 
instruments to identify such treasures appj;pprlate for use with 
fifth and sixth grade students was unsuccessful. The task of 
designing, developing, and validating Instruments that met the 
design criteria are described in the presentation. 

T he Whitson Classifying^ Measure ■ ^ 

The- Whltsoh Classifying Measure is an assessment Instrument design 
ed to rrieasure the abilities of children to classify. Selection 
procedures of, the classifying items. were implemented in three " 
phases : . . .. ' • . " ' ' 

!•) Efforts wer<9 first directed towards careful review of 
the literature to locate a validated instrument which 
could be administered to a group of twenty- five 'or more 
which involved no heading. Only one instrument appeared 
to meet the criteria; however, attempts to aecure the 
test were unsuccessful ( Nowak' s Classifying Measure); 

2) Adaptation of existing <iurriculum mate'rials and 

^research findings resulted in the development of an . 
assessment measure. The Whitson Classifying Measurfe ; 
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3) A validation study was undertake^n u'alng a sample of AS?' n ; . 
students. Mean Item d^lscrlminatlon for the aqseasmeicit]^^ ' 
measure ranged from 0.40 to 0.58. The Kuder-RlchardjlpN' • 
21 Reliability was 0.86 for the Instrument. .ff^^'^.rl^ ^ 

The Whltaon Inferring Measure ^r: '\^a r r , 

The Whltypct Inferrin g Measure Is san assessment InsDrubefit aeslgiWd » 
to measure the aoilitiea of children to Infer. A searchJ/O^- 'th^ • « 
assessment tlterature revealed only twtj, i^'s t rumen t8\ .ti^e Tlt^Xer ' . J 
Analog ies Te s t and an . Ins t rumen t developed, by the •Ainerrc^'ti Assocla- 
tlbn for the Advanceme^nt of Science for Science ^ A Prdj^ess ' . . * " ' 
Approach , neither of which was adequate for the study. Subsequent-" ' \; 
. ly^ -the Whltspn Inferring M was developed by adapting ^e^^st- >. 

ing curriculum material" and research findings, A valtdatloA' " 
study was don^ Vising 48 students. Mean item dlsfTiminat ion fotr^^^ ' 
the assessment instrument ranged from* 0.45 to 0.60. The Ruder-^^^ f 
Richardson" 21 Reliability was 0.88. 
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A StUDV OF THE DIFFERENCES BETWEEN SCIENCE MAGNET 
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Introduction > ^ , . . ^ 

II ' " , ' - 

. , ■ ' <-•„ ,,»- 

.The evaluatian of the elementary science Magnet Schoola'in an •/ 
urban school district was made by the compartaon of students' 
abilities to classify and infer and the students ^ ge^era^ , 
academic achievement, ,> , . • «■ 





"Two hundred and eleven students from f^fth and sixth grades in. 
five elementary schools participated in the stu^y- ^'th« schools 
were phoden from various area? of a" large, urban school system. 
Ha'lf thi sample were from -jchools wheVe science was the focus of ^ 

the magner, school program and the other ha^f of the sampU-w^re 
from magnet schools that had a currict^m focus othtfr than 
actence. ■ 



Procedure ' ' ■ \4 

— '■• ... ' . _ ■■■ 6.'- ' .f^ 

Students were tested in groups of 30 or fewer using four |<8e88-^ 
ment measures, two' for measuring sciepce skills and two ftfr iflea- 

,^suring academic achiev.ement. The independent variables of th.e 
study were type of school attende(f (science ..magnet or nonsciente , 
magnet) and the dependent variables were the skills pf classify- . ^ 
in^ and iaft^rring iind gc^eryl academic achievement 1,n reading, , 
mathematics, and science contenc The t-test was used" to' determine 
slgnlftcant differctice.' 



ERLC 



( ■ 



15.5 

l64 



RELATIONSHIP OF ELEM]5NTARY STUDENTS' CLASSIFYING AND 
•INFERRING SKILLS TO MEASURED ACHIEVEMENT IN BASIC SKILLS 
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Claude H. Cunningham 
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Jacob W. Blankenship 
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Introduction ' . 

The "back to basics" movement In public education has had two 
negative effects on elementary science educa^tioa. The movement 
ha3: defined "basic skills" as reading and mathematics. Science 
has been de-emphasized In favor of increased instructional time ' 
in i^eading and mathematics instruction. Second, the movement is 
mpre congruent to a content acquisition emphasis than a processing 
skills development emphasis in elementary science,. Empirical evi- 
dence needed to describe the relationship o f the Inform ation 
processing skills to basic academic skills. Such evidence hoWF" 
promise for a broadening of the definition of basic skills as w.ell 
as prdviding science education with adequate emphasis for survival. 



Samole ' ^ 

.. > ■ . ■■ I 

Data related to student classifying and inferring skills and ge 
^flcademic and science achievement were collected. A total- of ISn 

students' scores were obtained. Studerutjs were randomly selected 

from groups which were alike in both ethnic make-up ariid sex distri- 
^:>ution. All members of the identified groups had been continously 

enrollSad in Magnet Schools for at least one and one-half yeaTs. 



Inst rumen tatipn ' 

Four variables were identified: science achievement , information 
prd<^ess ing" ski d^^vetopmenL In classifying and^ Infet^ing, and 
generi^l academic achievement . , Science achievement Was measured 
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Findings 



The students who attended the science magnet school* outperformed 
the nonsctence magnet school students on each of the* five dependent 
varl^lbles^ Th^ differences were statistically significant. 




♦ 
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using the Science aubtatt of th« SRA Achtayemant Sarlea, Level * 
E/Fortft I , General academic achievement was meaaured uaing s^b^ 
acale aqorea of the Iowa Teat of Baatc Skllla Level ll-12/Forn\ 
5. S,tudenta* tnfonnation prpcesatng aklll developmeat In clad- 
aifying and inferring waa meaauted uaing the Whition Cloaaifying 
Meaaur e and the Whitaon Inferring Meaaure , The obvelopment of 
thc^e inatruments has beert dcacribed in another paper In thlp 
aet . 



Results 

The rationale for selecting specific information proceaaing skills 
_wa8 their assumed relationship to general academic achievement,^ 
To determine the validity of thia assumption^ student scorea oh 
each of the two imfonnation processing skills measures ^ Inferring 
and cliissl f ying , were correla-ted .with each of eleven academic 
achievement areas ,meaaured by. th,e Iowa Test of Basic Skllla and 
the Science score on the SRA Achievement Test- 

Each of the' information processing skills W^s signi f icant ly cor- 
related with each .of the academic areas. This pattern of correla- 
tions indicates t+iat injEeVrlng and classifying have relationships 
to general academic acl^leyement , Two achievement areas have cor- 
relations with inferring which exceed 0.4; Reading 'Vocabxilary .( r » 
0.44) and Reading Comprehension (r - 0.41)* Four achievement areas 
have correlations with classifying which exceed 0.4; Mathematics 
Concepts {t « 0.53), Knowledge of References (r ^-^ 0.48), Mathemat- 
.Ics Problem Solving (r °= 0.45), and Graph Reading (r 0.44). 

Discussion ' • ^ ' » 

From this' analysis , sevefal conclusions may be forwarded. First, 
^students* informatfon processing skill development- in inferring and 
c).assifying is significantly positively related to general academic 
achievement. Those students who score higher on measures of infor- 
mation processing skill development also score higher on measures 
of general academic achievement. Achievement in science content / 
Is. not significantly related to either Information processing skill 
-development or general academic achievement. While we cannot infer 
^causation based on this study, we are comfortable encouraging in- 
structiion specifically designed to improve students* informatioa" 
processing skills. * ' 
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IMPLICATIONS AND RECOMMENDATIONS ARISING OUT OF AN EVALUATION OF 
ELEMENTARY SCIENCE blAGNET SCHOOLS IN A MAJOR URBAN SCHOOL DISTRICT 

Claude H, Cunningham 

HousGon Independene School District 

^Houston, TX 77027 

Jacob W- Blankenship 

University of Houston ^ 
Houston, TX 7 70 04 



Hagnet Schools have become the major vehicle for encouraging 
school integration tfhrough instructional means. This paper dis- 
cusses the Implications and recommendations arising ou,t of a 
broad based research study designed to evaluate the effect ivenfess 
of elementary science Magnet Schools in a m^Jor urban public -school 
district. Basically, the design provided for the compfiftison of 
certain skills and achievement between students attending science 
and nonscience Magnet Schools, Analyses of correlation and dtf-- 
ference were employed in the study. The major components of the 
study are reported in preceding papers in this set, ' i?^- 



Findings 



The jfindings of this major evaluation study may be summarized in 
the following statements: ' ^ 

1) Effective, non-reading, paper and pencil measures ot 
elenlentary students' classifying and inferring skills 
can be developed; 

2) Significant correlations* exist between students'' classi- 
fying and inferring skills and their scores on standard-^ 
ized general achi^evement measures;' 

^ ' .-" 

3) No slgnifl^:ant correlations exist between students' 
classifying -and inferring skills and their scores on 
standardi'lzed sc ience achievement measures; 

' Science Mii^net School students per f onn^ s ig« i t' 1 can 1 1 v 

better on measuires of classifying skill, inferring skill, ^ 
and igeneral acHlevement than their nonscience Magnet 
Sthool peers; 



5) Science and nonsclence Magnet School students' perform- 
ances «^ measures of science achievement are not slgni- 
ficaotly different. 



Implications and Recommendations 

-f. ■ ' . • ■' " 

Several'tlmiillcablons and associated recommendations present them- 
selves from the findings ^summarized above. Students* classifying 
and lnf<!»rrlng skills are significantly positively related to 
g«[aei^al achievement and, therefore, development of these skills 
should be emphasized . i Since atudents V progr>am8 emphiaslzlng dally 
hand8-or>::actlvltles using physical objiicts perfoVm significantly 
better on measures*^ of classifyiYig and inf^trlng skjL4X and general 
achievement, a method for enhancing student development In these 
areas evidences Itself. We recommend that activities' Involving 
the maaipulatlon of physical objects\be infd'sed Into the curriculum 
t.hroi;i;g>i^r^ elementary grades. ' i ' ■ 

Students In the two types of Magnet Schools ^dld not perform 
dJLffe rently on measures of sclenc;^ content achievement.. This pre- 
sents a paradox to ^hk science educator. ' Oft .one hand, the public 
sees standardized tesf perfomance^ as one of the f(iw rdal indlca- 
tors of excellence. On the other hand, this finding, when coupled 
with findings of significant^ d.i f ference In process skill develop- 
ment and general achievement, appear? to be a positive result when 
cornpared to the emphasis expressed In *the^ professional literature. 
Since there is no Indication thata science content emphasis in 
Magnet; Schools results In significant differences in science achieve 
ment between science, and nonsclence .Magnet School stGdents, it 
is again apparent that the results obtained here argue "for % physi- 
cal objects oriented curri<^lum. While the lack of difference ii 
science achievement scores mfiy be unsettling, mitigating factors 
rdtated more to the measure used than the program must be considered 
On.^.chis finding, we recommend replfoation of the study for veri^flca- 
tlon. _ - 

This Study did not result in data which would allow infer^rfce'il of ■ 
causation to be drawn. It does, however*- in*dlcate at least two 
cleaT directions for educators in the '^bdck "to basics'' era. First, 
hands-on actitrlties are of critical importance in the development 
of basic academic and cognitive skills. <-Second, a program which 
consistently emphasizes the development of proces^. skills- produces 
students who are superior on most measures to thetr peers* ia other 
programs . ^ . fl- 
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CONCURRENT SESSIONS I AND J 
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Sessions It2 and J- 2 Techniques aticf P?o<^ed'ures j^itfi Research 



Topic: 



The Design and ItApTemen taction an 

EvajL^uation Pl«vn - . * 



Arthur L. White 



The Ohid State , University 
Calumbus. Ohio 43210 $r 



•-if 



This session has been Unsigned to ,*|)rovtde the. .partic^ipants with 
procedures, materials aad sklMs which will ficiliC*^¥e t^||f design 
and implementation of an evaluation plan,^ The ^^ssion^wtll be 
coaducced with application as tbV maj.'gr fcjcu^^ Activibies^nd , 
handouts will be Included during the sessipn* 
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t)EVBV>PMENT AND VALIDATION OF PROCEDURES TO ANALYZE 



MULTIt^LE CHOICE ITEMS: AN APPROACH^ TO ASSESSING KNOVTLEDGE 



^ . ^ John A. Caldwell 

0 University of North Dakota 

Grand Forks , ^ 58202 



.4? , 



-J 



A question raised by educational researchers Studying- the cognitive 
* prganlzat,lbn of knowledge before and after instructldn Is *'How does 
the knowldege a person has previously acquired interact with organ- 
ized tij^structional content to produce a new knowledge st;ructure In 
the perSffji'? mind?" (Posner, et al.-l977). To answer the ciuestl6n 
of ki\pwledge interaction requires assessment. The assessment of an 
indlvidua,! * s knowledge and its org[aniza t Ion presents a difficult 
m^thodologlca 1 prob lem . 

Traditional assessment procedurjed position an individual oix \a 
cqntinuum and cor[\pare individuals with each othuif^ (Magnus^on, 196Z) 

:Althoi'igh traditional asses^m^nt items *|.est knowledge of proposi- 
tions (Ebel> 1965) thei scores received from the analysis indicate 

^,a propott^.on of acquired knowledge rather than ppeclflc acquired 
knov^l^dge. \ 

'This stfidy focuses on. one kind of knowledge t'b be acquired — 
f^roposttlonal knowledge. The" purpose of the #tudy was tp develop 
and 'apply techniques for the analysis of student knowledge as 
demotis trated by the propositions the studefit Implicitly asserts 
-pn multiple choice items. - 

The study was conducted during the summer of 1978 at Michigan State 
University. Twenty-seven elementary education majors enrolled tn 
Biological Science 202 prov.ided the sample for the study. 



Student responses to an essa^qjueist ion and a set of -multiple choice 
questions developed for a unit on terrestlal succession were analyz- 
ed. 



The analysis ;|.nvolved the following steps: v 

•J* 

I) analyze the multiple choice, teat and derive the Inherent' 
propositions; 
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2) , organize the proposltlont and apply the student res- 
^ ponses'^to that Arganisatlt>n; ^ 

3) following Plnea (1977), derive * propoaltlonii from the * 
esaity responses and calculate the ^ter- and intra- ^ 
judge reliability of the essay analysis; 

^ 4) cflculate %)^^ percentage agreemenf^>/between t?he students 
essay propositions to estimate the validity o^||0btaivlj|d 

infot^tnifltion . ■ 



the developed techniques generate a list of pcopo^l tlons imp]ll- 
citly assert<!d by thja student*. The organi^zat ion of the p^b- ^ \ji 
-posl tj^ons vprovl^e a model of studiKHit ^knowl^dge^^ Th^;^^ 
/ retlifelllty c&efflcie^ts and percentage agree'me%t Indlcate^the ^ 
t nfeprma tlon obtained bv the techniques' Is rellable^^^and va4;i^. 

;rhe tftclinlqujsts de;;eloped in this sti^dy provWja« a method that clSin 
us> multiple pholce items to assess the prpp<Wl>tlonal knowledge, 
of students. tteseai^tSfhers concerned wlfch the organlzatlori of pro- 
po^ltiofial iknowleidll can capitajvi^ze on.ar\otl?qr data source for tli4|,;,. 
assessment of propos.t clonal knbwledge,- and furthep;. their investi- 
gation of hpw.one ^organl^^es know.l;edge, Furth'er research could 
,|j^rovlde. computer pr;Qgram thet..,t<^chnique9 so the method could 
i:^ be com.b^Coed with regain r%teV^^^;^.nrf1;^^^ procedures. This woa^<i ; 
l^enefit thoi^ InstrVict^ol^F v^Hti;?^^ address student mlsunder- 

9-t-andings . • ' . - ''V ^. - > * 

, ■ ■ . • «. . ". 

' ' .< r ■ Referenbtes '* 
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ASSESSING PRbPOSITIONAL KNOWLEDGE: CHILDREN ♦S 
CONCEPTIONS OF THE OXYGEN-CARSON DIOXIDE .CYCLE 

Edward L. Smith 

Michigan State UnlyeFiflty 
East Lansing, Mll48824 



Hattonale and'^Oj!) jectrives ' ~ . 

Curriculum evaluation and research on science teaching fjpequently 
require careful assessment of wha,t students know and learn. Scores 
on norm or dotnain re f e renced tests reflect the amount known., h\\t 
not what spectfitf knowledge the individuals do and do not possess 
or what aj^er^tfajj^ve conceptions th^ Individuals have. The purpose 
of the r^se^rcTi was to develop methods for assessing' and modeling 
students knowledge of a given topic. 

The work was guided by a cognitive view of knowle(Jge and its re- 
lation to performance. Thus ^n individual's knowledge was viewed 
as consisting of integrated' sets of propositions and procedures . 
Observed task performance was viewed as resulting from an applica- 
tion of an in^lividua'l ' s knowledge, and thus sus providing a 4i9.sls 
for Inferences about the underlying knowledge,. 

The specific objectives were ::o: 

1) develop methods ^br assessing and modeling students' 

propositional knowledge pf a given topic; 
2-^ ^pply those methods to the assessment of student 

knowledge related 'to part three of the SCIS Ecosystiems . 

unit '*The Oxygen-Carbon Dioxide Cycle''; and, 
3) assess the utility of the methods for use in research ., 

and evalua t ion . ^ 




The Ecosystem^ Teachers Guide Was analyzed to identify the prop- 
ositional knowledge addressed in l^art 3. Three instruments were 
tlien constructed for assessing these propositions: 

* « 

^.,1) a multiple clioice test, which tested prflmarily reCvnll 

or low level generalization of propositions; <. . 
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2) a written test which required application of proposi,^ 
tions to niw problems (presented In writing and draw- 
ingay similar to thos^ dealt ^yith in the Inst ruction; 
and , 

3) an loquiry practical teat which required application of 
propositions in the course , of first hand Investigation 
of new phenomena. 

After piloting ^nd revision, the testa were used to assess know- 
ledge and learning of two classes of sixtK grade students (n - 
17, 15) studying the SCIS Ecosystems Uirit. The multiple choice 
test was adminis tered as Ijoth a pre and posttest. The written 
and inquiry p«|ictfical tests were administered as posttests only* 

Answers tto each test were analyzed to produce lists of propQsl- 
tions attrlbvtted to each student. Visual Inspection of conceptual 
network representations and computer analysis including cross 
tabulation, cluster ^aaalysls and path analysis ,.were^^usjed to iden- 
tify alternative conceptions held by students and examine the v 
relationships amoog the results from the three tests. 

{ . ■ 

I nstruments a nd Data 

The multiple choice test consisted of 24 Items with thi:ee to five 
alternatives including don * t know," Alternatives were design- 
ed to be sensitive to anticipated alternative conceptions. 

The written test presented, in writlnjg and plctorally, five dif-- 
ferent situations about which the' students were to predict, 
explain dind/or model dlagramatica^lly.. Thirty-six separate re* 
sponses were required. ^ 

' .« ' > 

The inquiry practical presented two novel phenomena and a series 
of written questions which reqOired' the students to observe, hypo- 
thesize, design^ expertrrients , predict results, perform experiments, 
and Interpret results. 

The student responses to all tests were transformed into lists of 
proposijt tons , the' support i ng evidence for ea^h being carefully ^ 
documented... Thes^ lists were the data for all further analysl|S, 

Results ^ V- 

The study identified conceptions ■ connnonly held^ prior tto^ instruction 
andv tOncept.^ons , both valid and invalid, which developed during 
ins trdctlon. The multiple choice tfest elicited more complete data 
biit s0me students interpreted , iC^nr bptlons differently than in- ^ 
tended * ^Adequat^ ( * 80%) inter-judge agreement was obtalne^dMn 
analyzing wrdtt^ii responses a^nd adequate agreement across tes ts 
Tvposs ^validity was obtained althbtigh vSome system^itic differences 

w^re identified . . ; ' , '\ 

" • *■ . ^ •> 

- ' ' . ^ . i 

»■■ • . ^ . .» 

*■ » . • 





^ 



Conclusipns 

The methods are /ery- promts tag. for use ia research and evaluation. , 
Howevfer, use of the full proposi tional analysis of written respojii" 
sea will probably not be practical for regular classroom applica- 
tion. 
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THE RELAliONSl^l^P BETWEEN -^ITUDES TOWARD SCIENpE AbTD SCIENdE 
' ACHIEVEMEl^i>, THROUGHfTHE USE OF RES I DUALIZED SC6rES 



\ Linda W. Hough 

Housti^ Community College 
HousXon/TX 77007 

Martk^ K. Piper , ' 

U^hJi^ersitXof Houston 
Houston, \x 77004 

The relationship between attitudes toward science and science 
achievement has been proposed and investigated by many s.tudies 
(Brown, 1955; Hedley, 1966 ; Li tt lef leld\ 1975). The results 
of these studies indicate that • how well ^ student likes sci- 
ence Is related to how well he/sh6 does in science. Alvorii 
(1972) stated that this relationship varies according to certain 
individual pupil characj^^erist ics such as sex, race, and grade 
level. One method of controlling for these .Individual diff^^rences 
is through the use of residualized scores,. Ke^inger (1973) 
states that the best technique for analyzing phange in a pre- 
test-post test situatiorf is., through the use 'of resxdualized 
scores^ These scores are the posttest scores With the Influr 
ence of the pretest scores removed from them. This ^study invefiiti- 
gated the relationship between elementary pupils! attitudes toward 
science and\heir science achievefnent . Re'siduallKed scores were 
used to analyze the data. : ' 

Each teacher wasVgiven an identical^ science lesson plan that 
include^ aj.1 the^un^^terials needed for the activity , Detailed 

* irnst rye tjeons for administering' the pre and postte_$t to the - ^ 
•el^ejnei}tar^^4)ujiH'5i werK^al^b iTTt'lTraeTI The subjects of the study 
'Were (?63<lat:erwedlate er^tnentary pupils enrolled in the Houston 

area- school/dlstiflcts In rke Spring 1978 semester. 

^The /ollpi^iri^ lnflr;t: rumen ts. wfe re g^i.ven to each of the jjubjects: 

' '-\- ^ *' ' ■ / . ' - V^-" • / ... 

> .1) ^ tt0U(^h Attitude T^st ' ' ^ 

• - i 2>. Hoakh * Pupil roc esg T^st ^' 

.? V' ' . . . • . ■> :^ , ".r ■ , ■ 

irh^^se ; .tn^.trumenbfe 'were developed by the researcher's ^ to 
dlriectiy relace ^tqi the |rcV*nce lesson. 
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T|ie pupil* each of the teacher's classrooms were' pre and post- 
tested as part of the science lesson. Residuallzed scores were 
used to correct for any pretest differences that xway have existed. 
To calculate residuallzed scores^ the podttest scores are modified 
by removing any variai^ce that, can attributed to the pretest . 
Therefore, all pretext Influences are removed, 

A xerQ order correlation was used 'to test the hypothesized rela^* 
tionshlp. The significant level^<of crlteron was established at 

f \ ve percent: of probabl 1 1 1 y . • 

The analysis revealed that there was a significant relationship 
between the pupil's residuallzed scores on the Houja^h Pupil 
Proces's Test and their resldualize'd' scorejS on the .jlou^ Atti - 



tude Inventory ( r 



45) 



Residuallzed scores are, more approp,riate than change scores 
because they are the result of statistically controlling fop 
indlvldUa 1 dl f f erences among pupl Is. Since this study statis- 
tically controlled for individuiai difference's among pupils 
on the af tec t ive and cognitive tests , a s t ronger case ^an be made 
^r the re lat ions hip found between attitudes, toward science and 
science achi evement . " * 

•V 

-A- 

The importance o^f this study Is the implication tha-t teachers 
teaching* science can provide the conditions that promote the 
relationship between positive attitudes toward science and 
science achievement. " ^ ■ 



i 
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A CONTENT \^ALIDATION OF THE PTAGEtYaN LOGICAL OPERATIONS T]EST 



i 



John R. Stftver ^ 



DePauI University 
Chicago, IL 60614 



I'he investigator's purpose In fhi^ investigation was to^^determine 
the content validity of the Pieigetian Logical Operations test, 
PLOT, (Staver, 1978; Staver and Cabel, ■ 1978) > - The evidence gath- 
ered from experts should prove valuable in further^ development ' 
and revision of. P-LOT ' " . . 

The P^laget;lan Logical Operations Tes t Is an objectlYe multiple 
choice 'Instrumeac which iian be administered to classroocn d\2;^d 
groups^,- The test Is pacterned after a 3erie,s of Plagetlan In- 
terviews f»nd coiitHos questions, in- multiple choice format, 
which assess the content of tdsks, plus the dcjciilons ajnd reasons 
employed by sfidet^cs la solving problems. Tasks iatre demonstrated 
on vld^o tape/ < > % . 

Three unlverslfy faculty members with background In science, * 
^ci^nae education, Plagetlan psychology, and ptagetian group 
instrument development were invited to critically review PLOT. 
Each ^valuator was 'given a packet whith Included a cassette 
video tape of PLOT task demonstrations, a PLOT test booklet, 
directions for aolministra tion , answer key," and an evaluation form* 
All evaluators completed and returned the forms' to the ^investi- 
gator. ^ / 

the evaluation form consisted of thirteen Statements, ancl each 
person responded "agree'*, **undecided*\ or "disagree** to each "^^ 
assertion. The sentences were concerned with: 



\ 



\y the Association between the presence of mental 
- schema i'n subjects and their score^ on iadivl- 4 
. dual PLOT scales and the total test; 

2) the Similarity between the logic requi,red to 

score well on individual PLOT scales and the * 
totaktest, and the corresponding Plagetlan 
clinical tasks ; and, , 
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3) the appropriateness; efficiency, and practicality 
• of the PLOT format compared to the clinical method 

in the measutement of Plagetian mental schema, 

the evaluators were fllso requested to write their thouglits, 
co^enta,^and suggestions in t+ie space provided on the evalua^ 
t ion fonti. . 

There was unanimous or majority agreement on three issues: 

1) individuals possessing consid^irable conaervatipn 
^. of volume, combinatorial analysis , direct and 

' V inverse |)roportion^ and general formal thought 
skills will score higher on PLOT than persons 
■ not possessing such skills; , ' - 

2) the logic necessary to score h^gh on PLOT parts 
' V I, IV, and PLOT total is similar tm t\Xe logic 

required to soJ.ve the ' corresponding cl inical 
easks; and, ^ " ^ " ' \ 

3) PLOT is' more practical" when l^rge nujiibLers.^of 
subjects are tested. ^. ^ 

A major^y were undecided in two areas: 

1) ^ persons who pc/]^se3s considerable Reparation and 

control of variable skills will score high^r^on 
PLOT than individuals not possessing such skills; 

and , / " ^ ' 

2) the PLOT format is more efficient and 'appropriate 
than th^ clinical method. 

A majority disagreed that the logic required to s*corfej^>l;jiig|jr'on . 
;PLOT part II is similar to'' the logic of the "correl^ndln^ 
clinical task. ^ '\ " 

Discussion is focused upoa the experts comments and responses 
with respect to construct validity eviderfte (Staver ,-" 1978 ; \ . 
Staver and Gabel, 1978) and the ' tesponses and comanent^r-fhem- 
sel'vfes^/ * Recommendaffons tor turtheir^deveLopment , inquiry, and-^ 
cVassroom use of PLOT are made. . ' ^ ^ \ 

* Reference? .V 

StaV'er,' J, R. * The (development and cons truct val idgtion of 
>*'a group administered t^st of Piaget's- formal thought* 
' Doxitocal dijBsertation, Indiana University, 1978^' \_ 



Staver, J. R. andS6ab«l, D. L. The developm*nt-and construct 

validation of a .group administered test of Piaget's formal 
thought, A paper presented at the annual meeting of the 
•National Association, for llesearch In Science Teaching, 
Toronto, Canada, April, 1978. - ' 



s 



/ 



4 



'J 



(■• 



171 . - ♦ 



■ f 

THE DEVELOPMENT AND .toi'DATION OF Al5 "pmU^ffi^^^ EOIt -^^ / 
MEASURING MEDICAL ETHICS V^UE& 



. Cynthia J. Stolman .f:-'. _ ^ 

J, Rodney L. Doran -* . V 

• ' ' ^ 'V • ''■-> 

State University of New York 

Buffalo, NY 14260 
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The present decade hits brought a steady Increase In the' teaching 
of medical ethics both In medical , schools . and In cn^lvbr9$xieq . ' 
The relative lnfan(jy^ of medical ethics teaching may explain tine - 
current lack of any ^ools to evaluate these new teaching effort's. 
Most m.edtcfll schools in the United ^tates rely fieavlly upon 
objective measures for choos ing future s tiidentrs . ,''Tt)e^.Asso.cia- 
tion of ^meriban Medtc^al Colleges has for severiarl ye^rs-Jtvien^ 
engaged in trying tordefine and relj^ably measure n6ncd^nit\v^ 
factors in developing a' system for use in student selection.'* 
(Schorow, 1976) Th^e Hastings Center (Institute .of Society, 
Ethics and The Life Sciences) has listed evaluation ofr etl;^ical 
decision making as one of their major goals. There woulcf appear 
to be a genuine need for the development of an ^objective, va^id 
tool to evaluate medical ethics dc^cision i6^ing\ The present 
study was concerned ^th the^ con^;^uction and validation of A 
Medical Ethici^ Inventory O^I), which will provide profiles 
ox the value preferences of medical students regarding v^medica I 
.,.^thical dilemmas. ' " 

The MET was constructed using the §ix value categories of Edy-^rd 
Sptanger (l928) (Aesthetic, economic, poLitieal, religious, 
social, e^nd thep'tet ical ) ' as a philos'opHical basl^. ^ Sev'erdl- ' ^ ♦* 
test ine'truments lia ye/been develc^ed with Spranger's six value . 
types as the theoretical ' basis . TheAllport, Vernon 'and Lind- 
sey Study , of Values (SOV) (1970) is the best 'kjIP^^o . It is a. 
general test of attitudes and values and, provides a general 
profile. It 'might be re^;arded as somewhat dated, an3 may not 
be relevant for measuring specif ic values such ««3 Medical ethics 
The^ MET used a case study approach', presenting actual medical 
dilemmas. ''Much of medical ethics\respec tally within the pro- 
'fession itself, is indeed orientfed to the. p.ract leal question? of 
what should..obe done In a particular case. •litS^ittrte, eveh more 
than business and law, is cade oriented.'' (Veatch, 1977) Thfe 
c Jses" were^ chosen ^ i*rom ''toiu- -ma jor themes': 
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1) Respect for life; * 

2) Equality (Dlst rlbutivft Justice) j 

3) Covenant Re^lat lonshlps ; and, !^ 
A) Individual Freedom \ 



(Gorovltz, 1976; Bandman and Bandman, 1978^; Keilet, 1977). ' 
The formation of the' instrument followed these. steps: ' 

1) At Open foniiat was used with 135 ualyersity students ^ 
who ware taking a -course^ in medical ethlca j - 

2) Judges w^e used to match* reBponses Vith djefinitionf 
that i^epresent the value^ domains ; 

3) The value, profile of J'known types" (six Judges) was 
de(;^^nined to be consistent With the constructs; 

A )—4J4;obl*ems that di<;J not confoirm to certain crit€kria 
.were eliminated;, and^ n 

f " * . » 

5) , The wording supplied by respondents was used in compos- 
* Ing chbicjps because it was, closer to reality. 

The pr^s^nt study is an empirical validation ofVhe MEI, Two 

hypotheses were tested: ' / ' , ^ ^ 

1) Is there a relationship between v'alues in a medical 
ethics context and "known groups"? 

.2)/ Is there a relationship between general, values^ and 
medical ethics values? \ 

. ■ \* 

For the first hypbthesis, • approximately 50 subjects were chosen, 
from each of the following groups • 



^ ^ I) Aesthetic Art students 

2) Economic * Commerce students 

' • 3) !?c>litical First year law students 

^ ^ 4) Social First year spci^al work; students 

^ »\ 5) Religious Second year se^ninary students' 

6)/ Theoretical .^First year chemical* engiineering "s tudferhts 

The first hypothesis was analyze^d using. a one way multivariate 
analysis of variance model (Finn, 1974), Approximately 150 first 
year medical students f '"om"^ four different medical schools participa- 
ted, in th'e seoon,d phase ofi^^the study ^!;ie second hypothesis was • 
analyzed using a Cooley-Lohnes (1971 ^Krou tine called CANON. ' 
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Results from ^stlng the first hypotheols we^e examined to 
sssertain if known grpup^f did exhibit preferences consistent 
with their major vocational ini€!re^t i-e. seminary-religious. 
Results from testing the second hypothesis consisted of a 
canonical correlatioiri . coefficient used to detect any cooimon*- 
ality between the .general (SOV) and the specific (j^EI) value 
assessmants. .The two' canoni.cal factor patterns obtained were 
examined for similarity , . ^ ^ ■ \ 
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A PATH ANALYTIC APPROACH TO THE IDENTIFICATION OF QA&SAL 
REUTIONSHIPS EFFECTING POST OBJECTIVE TEST PERFORMANCE 



Mi ch««l -Duffy 



^ University of Pittsburgh 

Pittsburgh, PA 152A3 

Johnson (1967), Shavelson (1973), and Duffy and Bond (1978)' 
have demonstrated the utility of measures of cognitiye strticture 
for specific science concepts. Qther research has related pre- 
test-post test performance to indices of mental, ability. A 
^^^^^ model relating these variables to a pretest-lnstruction-poattest 
—^paradifem could be useful in identifying causal foctofs influenc- 
ing Ijostt'est improvement^ / > . 

/ . • 

Path analysis, as outline^ by Wright (1921), provides a method 
for studying the relationships between variables taken as causes, 
and variables taken as effects. The present study is an attempt 
to demonstrate causal rela'tionshipb (mental ability ai-^d cognitive 
- structure)^ through a path network effecting -poattost performance. 

* ' " * 

Methodology and De^lgn^ , 

■• Fifty subxirban junior high earth space science students (23 
male, 27 female; mean age 13.2, s.d. 0.58) were used in the 
experimental design involving a three part unit In elementary 
geology. * ' / ^ 

Day ' TreathiQnt 

} . Vejrbal and figural abstract reasoning assessment: 

2 Prose recall to the stimulus "write what you know - 

abaut rocks" (prose recall) Card sorting acti- 
vity (presort)^. Geology objective test (pretest) 
, 3 Instjruction unit A in elementary geology. Card 

sort activity (mldsort). ' 
^ Instruction. unit B in elemet^ary geology. Prose 

• , ■ ' recall (mldprose) , •> ^ , - 

Insteuc'tidn unit C in elementary geology. • 
^ ■ Prose recall (postprose). .Card sort activity 
(poBtsort). Ob jbctiye' test (posttest).. 
•• 36 m. Delayed prose recall (delayed prose). Delayed card 
^ sort activity (delayed sort)/ 
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Thlrt«en ternfp (rock, igneous, iedlmentar,y , m«ti»morphlc , 
Lifnest6n«^ «l«idim«T«?t-^8r«nlte , pumlea; tnagma, marble, ahale, 
• lAte, and'lifva) Identified as jL-epreaeatative of the three 
initructiojval • uhita were used In the card aortlng activity and 
prose recarll analysis. The card sort utilized,vj^ach geology 
term on 13. separate cards. The subjects arranged the cards 
in. a pattern that "made sense" to, them. A quantitative Iftdex 
reflecting the response card sort departure from the correct 
card ''sort arrangement waA calculated using the formula; ..v.... 

. .... 14 - Log III. . ( E idj^)(XZ d ) ■ 

^ - ; j-i k-i k-i ^ 

where ^d^^^ Is the )kth element of matrix D - - R for student i 

Matrix R j[R^ for student' 1) Is the R-C + C^nxn matrix when 

C is the adjacency matrix of the elements of the card sort (Duffy 
and Bond, 1978). 

The prose recall was evaluated a§ to the frequency and variety 
usage of the same thirteen geology terms. Objective test 
performance was measured simply as the number correct on a foui* 
part 33 item st^idard geology test. 

Indices of. verbal abstract' reasoning ability^ Were derived from 
the 20 item Shipley (1946) test.' Figural mental ability was 
determined by. means of a group administered battery of 18 
'Plagetian typeJPasks (Moser, 1975). 

Statistical analysis'-utillzed the BMDP2R stepwise regression 

and BMDP8D correla^^c^n .programs from the UCLA Health Sciences 
Computing Faclli t y '.(pixori , 1975). 

' ' ' 

Findings and Conclusioys ' ^ 

Five stepwise regression models were developed (F to enter » 
3 tolerance «;0.01) using the delayjed sort, po'sttest, post- 
sort, midsort, and^prfesort as the dependent variables (all sig- 
nificant at the .05 Ifevel qr better). The figural and verbal 
Indices were treated as exogenous du^e to the lack of significant 
correlation with mentaU ability variables- All other variables 
are treated a^. endogenous to the system. 

The following flguresj^lHows tlVe'path network 'as Identi fled by 
the standardized betfv poefficlents from the regression equations. 
This system -is conslstefit with ,.thp assumptions that underlie 
the application of the path .•nnnlygls technique ( 1- rel a t ionship 
amotig variables Jinear, additive, land logically causal; 2-resi-* 
^(ipals npt correlated witb preceding va^^iables or ofher' residuals; 
3-a recursive system); " 

^ • ^ ' "176 ^ . 
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Path system Identified by the five,, regression 
equations where p » path coefficient « standard 
beta coefficient. 



^ The original correlation matrix between all variables and the 
reproduced correlations calculated from the path network show 
a reasonable approximation Indicating the viability of the 
path mode'l . . 

The original treatment of the prose recall data has not l^een 
incorporated into tlie path netwojck at this time. While there 
exists significant '^zero order correlation* between term ^usage 
and card sorting,^ test performance, and mental ability, signi- 
ficant entry *lato the path model occurs only betweerr postsort 
and postprose (partial r - -'.31) and delayed sort and prepr©se 
(partial r ^ - . 31) , . ' . ' ^ ' 

This path model shows that a traclitlonal measure orf classroom 
achievement, an objective test, is more closely related to the 
student's prior cognitive structure as measured by the card 
sorting activity than either a prelnstruction objective test or 
indices of mental ability. "^This rela t*lonshlp can be quantified 
as. to the direct effect of the prior structure (p -.39) and tVie 
indirect effects of this prloT structure transmitted through the 
pretest (p = -.08) ajid through the' changing cognitive structures 
of the mid and po^^p^ard sdrts (p - 7 . iO) . 
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pEyEtOP^ffiNT A DECI.SlON-MAKItP MOORt FOR telGNING A 
„ MEJHODg .CqimsE .FOR Pfi^OSPECT^VE ^EfcQlJDAR'VS 
^ ,. \^SC, tCNCE TEACHERS : A* DELPHI . STUDY 



' ' Frank E. Crawlej^ 

f •', "*. ' '■ ' ■ ', ■ :^ 

^' ' University of iTexqs" . ' 

\ ' Austins 1X^78712. . 

V . i- ^ • • ■ ' 
Maria Vlrgihia c^ps - Santoi Silva ' 

University of Azores ^ . 

« ' Portugal . ' - :; 

TJie, puirpose of this paper is to present the r^sul^ts of .a study 
^^oJf^ the objectives of :3econdary'''scienee*inetho<is courses^nd 
the concj^rns of Instryctors when planning methodai course^^ \ 
Specifically the study was designed: , * 

% : . ■ , . . .... r.'- 

1) to seek the opinions of university professors of, 
science education to obtain^ and compate pr'iori ti^s 
and areas of . concern • in planning a Science. methods ■ 
course for . secondary school teachers;-:. ./^ 

2) to detfermin^ .the degree of imjpbrtknc^ and concensus 
exirftiag among ^those ex^ert3 regarding the different 
objectives and cpncerns which they^have identified; 

and, ■ ' ^ ' " ^ . . ■ 

• • .» ■ . - , ■ ' - • . , • 

3) .' to discover how the concerns of those ;educ^tor8 ' wer^ 
. . . trelat^ed to their judgmjant of ^ the importance bf thei 

objectives- ' ; 

To accomplish this study, , a Delphi technique was eitnployed to 
obtain^iiad cotnp^re tt^e opviniona of twenty-four U|^iversity prof- 
essors 6;f: sclents education. ^ l^st 6f fifteen objectives, 
and fiv^<^ areas of concern was comixiled. Consensus was obtained 
for. all fifteen oh jec^ves- a at ' dlf fejrent le^j;el$ of^ ^ 

Importance • " Concerns Vera ranked according to their order o.^^,. 
itj\{5ortance.' teacher ,colhcerflts received. the highest perxrentage 
of responses. A relationship Vet^een planning concerns and 4, 
objectives esfcablished. • . . 
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. . 4 c6nc*irrt«r Fit:«t In oird^r pf^ 
\ (pl,an^ one ^6r monp science ressjond). Ih i>cOnd place ^^^a^ 

The ^Mri^nithoua choi^ce f^t jSigl^tK pl0c4^* end the laet In bV-/ 
^ " J der pf Impottaric^/ w«» objective 9«ven (desl-^n ]^enie(^^ 
/ ectrlvltleii fpr '«r.udenta who latk prereqOliite /skill's for / 

^1. glveff set of ob jectiviBs) V. The femj/tntn^ ob^ecttvej* dJLd 
, . "h0t follow 19 predictable •t)attern ampag ' thp groups . 

\ , Based on the, research finding^* of ^tbis ^study > the resear;ch-^* 

' ers p/6p5f€d a 

' aburse" in addltldnV^g^i^i^lihes far using the^ model were • 

* plresentedi^ tb^tr u«e ^would 'allow secondary "s«iertc0 . methods 

' '\ jijis^^^^^c^ors tx) plpn a method^ cpOrse whlcfh reflects their/ 

• * ; ' * cpnoe^n whilei at the 3ame time stressing objectives v^ilida^ed 

% , : by a National panel of experts, , ' ■ 
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Objectives and Rationale . , ^ 

/rhe primary objective of "this investigation was to determitK 
if Shrigle,^''s theoretical example in .science developed from^ 
Hovland^s persuasive communication framework, was effe^ctjLve In 
changing the attitudes of preservice teachers toward the teach- 
ing of sci-ence. The secondary objective .was to dietermine what 
effect the individual difference variable^ of integrative complex 
ity has on the degree of attitude change when subjects were 
presented with a persuasive communication which matched their 
level of abst ract;ness/concreteness . . , . ' 

Since elementary teachers repd^rtedly have a IcS^s positive 
attiu4fle toward science, Shrigley Identified the Important 
elements to be included in, a persuasiVe communication to change 
that attitude by using Hovland ' s framework , *iwho says what to 
*hom with what, effect?** (Hovland, 1953). Investigating the 
' who ' ^ Shrigley^ (1976) polled elementary educytton majors to 

^.deritify the characteristics of a science communicator who would 
be perceived'as credible. Polling science educators across the 
country Shrigley. (1^978) identified six major J.4e^s to be in- 
cluded in tlTe 'what*. The ^whom"^ component waa assumed to be 
**tho8e preparing to teach science in the elementary school** 
(Shrigley, d^78, p. 335). to measure the 'what effect' he • 
deaigned, a science attitude scale. This prc||*>ded content was 

„tiieoreti.ca.lL m4 JiM not been tested emp^iric,^\y . ^ ' • 

Due to the Importancii o L noting indi^^idual <R.f fereiiiG^e ,.yar 
in Infotmatlon^procesalng, integrative complexity which c$eter- ' 
mines the sub ject ' s ability to transfer "the cognitive informa- 
tion' txresented at the^ moment to existing ^knowiedg^Tor attitudes 
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vas coris^dered f\.a ir.furtHer 4««crlption of the 'whom^ ^mpon^pnt 



In tKts casci / trana f6r should occur between the , cognitive infor^ 
matlon frdm Shr^gley'a Identified components to the subject/ s, 
attttudii towanS science^ • » 



Methodology and Design * ' 

Ninety- thlrc^e undergraduate volunteers from a medifT^ethods class 
participated in this study, Th^y were b lock- randomized by level 
of integrative complexity to one of three groups. Two groups 
listened ' to a persuasive communication artd the third was the 
cbntfolV The first pe r s u a s i V e~cf6iranu hie a 1 1 on co n t aii n e d a 1 1 the 
essential elements identified by Shrlgley. The' second Cont^inei 

of thes^e el^^ementd plus a;:di5Lcus^^^ of the relationship) 
(>etw^^^en this cbgnitiye Information and the sub] ect ' s aT;tr{ ttitle 
toward science, , ' , 

With a pretest, posttest, control group design, afialysis of 
variance with repeated measures was calculated to . determine* if 
any significant change in- attitude resulted frpm listening 
to ei ther persuasive commlinicat ion ^^aild to investigate the 
difference between the groups when integrative complexity was 
added to the model. • . . 



Instruments and Data ■ v ' 
^ 

Data was gathered for the pre and posttest by administering the 
Shrigley Attitude Scale for Preservice Teachers > The Conceptua I *- 
Systemg ' Test: was admiais (;ered to determine the' sub ject ' s level 
of integrative complexity. * 

Results and ConclusioLfs 

A significant gain in positive attitudes was npted :for sub^* 
jects who listen^pd to either persuasive Gbmmurilcation but not 
for th<^ control group. No significant difference between Cells 
resulted for the iijdividual difference variable of integrative 
complexity. As a result , this invest ignition has '^shown Shrigley ' s 
theoretical example in science developed ♦frOm Hovland's p^rsua- ^ 
sive commilnication framework to be effective in changing aCfitudes 
of pres«rvice teachers toward science. ^ ^ ' '"■ 
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THE EFFECTS OF PROCESS SKILLS INSTRUCTION AND INFORMXTIQN 
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^Psychologists and educators have shown a great deal of interest 
in persotMlityt traits and attitude changes' durihg the last two ' 
decades ^|s^ means of unders tahdin^ human behavior > It has been 
hypothesized tha-t attitude changes are affected by a person's 
belief system (Rok6ach, 1960). Open-minded persons are usually 
descjribed alS being more willing to change and adapts to new a<id 
infiqvativV ideas > whereas the close-minded person^has been de- 
scribfd as one exhibiting attitudes which are just^the opposl'te. 
B|^ie% systems' and attitude changes ar^ important to the scl^ence 
J educator, since a grfeat deal of emphasis on teacher training at 
the elementary school level is placed on having t«^hers teach 
their pupils scierxce process skills / The purpose^R this studV 
was to^ test the contention that science proceis skills instruc- 
tion and information on black scieritists can altet th^i belief 
Si'8i;ein5 'Of closed-T:ninded' individuals . 

xPreservice teacher^s enrolled in competency-based scienjce^ methods 
.courses at Flor^cla Interxiational yniverslty were the subjects 
In this study. The^ desigtf was theXampbell and Stanley ' (1963) 
Pretest-Post test Control Grdi^tp Design, Subjects were assigned 
to two groups based on their median RokeacH Dogmatism Score, 
yj^lch also served as a pretest* Subjects scoring above the 
median score were aon^ridered closed-minded^ and those scoring 
b^lQW t\\e median were considered open-minded. The groups con- 
8t:ituted two experimental groups and each group cor>8ist«d of 
both open 'and closed^-minded subjects* One of the experimental 
groyps was randomly assigned inatructioQ ttT^clence process 
skills, plus information ot^ black' g.cientists, while the other 
group received i'nst ruction in science t pl^ocess skills plus in- 
formatlon on vntLous books t9r elemencary cPii Idrea ^'^^pon com- 
pletion of the experimental instructions, the Rokeach •Dogmatism 
Sc4lb vat again administered ai^a posttest. 

. ' 184 



An anilytlt of covarl^ncii used to d«i^#hnln# If •ignlf leant 
changes occurred betvean the cloae*min<|ed' iubjecta after the 
experimental Instructiona were completed* The data analyels 
revealed a significant change In the dogiftatlsm of clof ed-tnlnd- 
« individuals (p .001, F - 30. 25, ^df ^ ,-43) , with positive 
difference favoring the group receiving Instruction in procfss 
sldLlls plus information on famous bl>ck scientists.^ From these 
results it can be concluded that process skills and Information 
on famous black scientists can be effectlvUly used as a mechan* 
ism to dhange the- attitudes of indivldua^ls^Vonsidered closed- 
minded. 
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A number of researfch efforts have been directed' toward accelerating 
the acquisition ojj formal operational logic. Teaching the scheme 
of control of varjiables formed the basis, for a series of studies 
by Lawson and Wo^Ilman (1976), Bredderman( (1973) , Linn, Chen^ and Thier 
(1977)^ and Howe/ and Mi>fir2wa (1977). TKe Only study. from thin group 
which reporte'd significant training effect was the one by Hcfwe 
and Mlerzwa . ^ ; 

\ . ■ ♦ » . ■ 

Standing 10 shiitp contrast to the studies Just ref)orted Is one • 
by SlegXer, Lliebert^ and Liebert (1973). These authors' claim to 
have taught thf control' of varltfbiies coryeept to 11 year-;^JLd» in a 
single 20 ^ItVute training session. ^ * ' . . . 

Whtl« the S4ligler, et ^l* results are iLnteresting, there are alter- 
native interpretations of their data. Specif Ically, we objett to 
the followlrig staiements as unsubstantiated by the experiment, and 
•atiously misleading in their implication. 



^ > *GLv#n instructional guidance o£ several kinds, the lO and 11 
^,^year olds were able to exercise formal operations logic and 
jto produce solutionis closely reaemb^Uyftg those cited by In-* 
helder and Piaget as exemplifying the highest stag* of ri^ason- 
Ing, (p. 100) . ^ ^ / 

- ♦ 

^ However, - Inhelder and Piaget'o proposed explanati^on in 
terms of cognitive unrea'dlneBs appears inadequate; given 
appropriate Instruction', • preadolescent Individuals clearly 
are capable of separating the effects of. weight and length , 
and of determining which of the two aff/jK:ts a string's rate 
of movement (p . lOl) 

We have no doubt that "the authors were able to get preado]Lescents 
,to Identify length as the variable that af^cts^'the period of a 
pendulum.' We do n<!^t. believe that they have used formal operations 
to do so or that there is evidence f rom ,the Slegl^er experiment 
tihat trailing enhances formal operations logic-. ^ ^" 

• ■ . - ' * ■* ' 

U;9lng 60 fifth grade students in two public schools, we replicated 
the Siegler, Liebert, and Lie^ber^ study and found that JJiegler's 
ttalnlng ^procedurefs did lead tcJ enhanced performance on a'pendulum' 
task designed by Siegler, f^dmlnls tered lmmedj.a£ely aftet* training 
and utilizing m carefully s^truc tured data sheet to record results . 
(thii? result wag expected) . However, we found that performance 
on a trSinsfer ta^k which utilized a data sheet in a new format was 
.only slightly better for r.ralned Ss than for untrained Ss. "On a 
(Relayed test i^tlllzlng the Inhelder and Piaget Pendulum cask (1958), 
performance of trained Sa was nb better than performance of untraln- 
ed ^s. . . ^ ' ^ 

Based on our results, we believe that the Si€igler training enables 
students to follow a memorized algorithm but we do not believe thad 
the training results in the ^ability to "exerqise fotmal c^perations ) 
logic." Neither do we think that' the kind of training used by * / 
Sie^'i^r has much educational valu^, in spite pf the fact that it 
is commonly seen , In school settings. . , 
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A METRIC EDUCATION PROGRAM , ^ 
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Xhe major pbjecbive of the stJudy was to examine the effe^s of 

a metric Instructional' program on the metric knowledge/ap<i attl-' . 
tude of 44 preservlce ^teachers. Jn addition, an examination was 
made of^the efifdct of experience In teaching metric measurement to 
elementary pupils on the met rl6 knowledge and \it tltudes of the 
preservlce teachTerd" Tn , the follow-up study, begun In .the spring 
of 1978 and still In progres'sT' the effects of metric instructional 
experiences on p.reaervlce teachers' metric knowledge, attitudes 
and teaching skl^s Is being examined, by readmlnlstering' tests aod 
by examining their pupils* metric gains. * 



i;he jsKidy involved two groups of Junior year pteiervlce elementary 
teachers one grolip was enrolled in the science component of ^ 
8 methods block that permitted \a weekly field experience, while * ' 
the other group was enrolled in^^on-block 'science methods course 
without a field experience. Both block and non-block groups re- ^ 
cefved th'fe same metriq instruction, but only the block group was 
able to design atid implemcyit metric instruction In their fl#ld 
placements later that semester . In the longitudinal phase of the 
study, both groups of preservice teachers have Implemented metric 
Instruction during subsequent student teaching experiences. 

Instruments and data sourqes used in the study included: 

1) - Metr.ic knowledge test • . ^ 

2) Metric attitude inventory 

3) • Lessop' plan checklist 

4) Pupil pre/post data on teacher constructed metric tests. 

♦ 

The metric knowledge and attitude instruments were admi\iistered 
to both groups as a pre and post test; as a djelayed post test (follow 
Ing metric instructon of pupils by the block group only; and later 
as po»t ituflent teaching tests In subsequent semesters in which 

both jgtoups implemanf ed met ric instruction. 
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Metric Implementation date (e.g. leseon plans ^ testa, pupil 
acorea/ and aupervlalng teachers' oplnlona) wet# coliected on 
the'block group during their pre-atudent teaching field experi- 
ence and on both groupa during their atudent teaching experience 

Analyala of the data ^included both case study and statistical 

techniques. (Analyala of variance)^ 

y 

Statistical analysts of the data revealed the following: , 

1) There w^^re no significant differences between groups 
In pre or post metri^c knowledge or attitudes. 



2) Thetjc were significant gains In both knowledge and 
attitude for both groups. ^ ' 

3) There were no significant differences between groups on . 

• their delayed poattest metric knowledge and attitudes 
(following metric instruction of pupils by the bl<^ck 
, gvoup^only), Jhe metric knowledge of both ^groups irt- 
creased ^over^ time. Metric atftltude, however, increased 
for the block ^roup and decreased for the non-block grou 

Case study findings included: ^ ' v ' ^ 



207o of the two groups ' exercised their right to refuse to par 

ttcipate in the foirowup study . 

Both grou{>s were skillful in writing or selecting approprlat 
• metric objectives. However, the block group, with previous 
Implementation experience, has less difficulty in writing v 
valid test it;ems, . . . 

Neither group wrote detailed, organized lesson plans, . 

Considerable .gains Ih metric knowledge H^id skills were 
^ evident formvpupil scores^ but no apparent' differences were 
noted between pupils taught by block and non-block' groups. 
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SIMULATION OF^LASSROOM INSTRUCTION IN 
physics' in' the education of teachers in DORTMUND 

d\ Nachtigall 



; _ * PH Ruhr Dortmqnd^. 
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» ^ 

order provide future physics Instructors with conce|pt elementfk 
of their future profession early in their education, Dortmund iri^iVro* 
duced the ptiyslcs , workshop five years ago. The team conducting the 
workshop felt that It could be regarded as an Interesting didactic 
alternative in the college- level eduoa|:lort; of .l^nstructors • This paper 
presents the education- theoretical backgrobnd ,,X)f the ef^oVts and the, 
resuitvlrig goals of the workshop, Its organization, Jthe various roles 
of the partlcl{>an ts , and some Important dldaatic Issues introduced' ^ 
into the workshop, Emphasizing these aspec^.^^acilitates the discus-^ 
slon of generallzabillty to other subject? oi to integrated projects, 
such as training in teaching, life science, ^^/ijij^ physics an<i' technology. 

The workshop represent;s an attempt to combine educational theories wi'th 
p-ractlcal physics in classes aimed at an understanding o>f the environ- 
ment . In addition to a laboratory with gas, water ,. eleitrlcal hook-ups 
and a wfell-arranged collection of ex^penslve devices for e|xperimentatlon,* 
f physics class should Include up-to-date, meaningful situations from 
everyday life frpm which the. phenomena of physics are extracted and 
upon which physics ts based,- The physics class should Involve thinking, 
with its cognitive and affective componehts, interaction with objects, 
^ellpw students^, the^, .teacher , and other/ human beings in order to pro* 
vTffe e^e^ertences as "'^bint ^rtd challengrng Adventures for all partidr 
pants. ^ _ 

The main goal of thi worl^shop, therefpre, ❖as to confront the partici- 
pants with gltuatLjL<ms In which such experiences become practically 
^ssible and can be used* as , a potential starting- point fpr didactic* 
/tteory elements, ,THe' students played^dlf ferent rolas in the workshop.^ 
A*y6r Instance, in the roles of pupils they may have had to try to Iden-^ 
^^Ify with th^ intellectual level of 14 year olds, and to understand 
and express the feelings of 14 year olds in any given class situation. 

Tht^ might includ^e expressing boredom, or converting the fascination * 
of an '^experiment into emotional or "cognitive reactions. 

4 

In the role of the^ Instructor, trhey conducted classes with the students 
•in front of a qamera , v - " . 

* 191 ^ I ' • ^ ■ 



In the rofes of retording clerks, they recordedv lYidlvidual aapects of 
teacher and student behaviors. / . * * 

In the role of the* discussion leader, they guided the interprefafion of 
the presentation, s-tructui'ed the discussion according to focal points, 
strived for b^lahce, maintained a harmonious atmosphere , and summarized 
the results of the discussions. - ' 

t - ^ ■ . 

In the rqle of the college students, they prepared their presentation, 
^ participated in the discussions and recorcled the experience of their 
presentation , including the discussion , protocol , and the . theory- pra en- 
tice experience in the final, lesson outline.^ . ' : 

• The workshop instructorsassumedvarious'r^ the workshop. 

Based on their own practical teaching experience and theoretical 
background, they acted as advisors during the preparatory phase. 
During the first hour of the workshop they func tioned ^ predominately 
as conveyors of knowledge, theories, models, ahd conaepts. As fellow 
pupils in the classroom, the workshop instructors sensitized the 
^'students, through their own behavior, to Che cognitive and emotional 
aspects of pupil b'ehavior in actual sittiations . The workshop Irvstruc- 
tors served as comjneata tors offering suggestions on teacher behavloi;, 
suggesting alternative methods, and ^occasionally acting as teachers 
during the simulation. The workshopi Instructors also came into action 
as facilitators during, the discussion phase which lasted two hours. 

f 

The evaluation of the observations from these simulation activities 
leads to the conclusion that the workshop hag two impor^tant , effects : 

1) Xt reduces the practice shock, when entering-the 
teaching profession; and, 

2) It provides more security in defending innovative 
i(leas against school administrators who adhere to 

J traditional concepts c^- school - , * 

The ^nalysis and interpretation of the classroom observations data 
collected during the workshop also resulted in discussion and research 
into various sociopsychological functions'. * ^ 
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SCtKNCE 9: AN ATTlBMPT TO INTEGRATE 
SCIENCE, MATH, AND READING' SKILLS ^ 

Myirna C. Thom«« n - 

Harry Simon 

Mam^ronecl^ High School 
Mpmaroneck, NY 10543 • 



In Ch€i fall of 1975 a new skllls-otlcnted ninth grade science »; 
course was Introduced at Mamaroneck High School, .The.^need for 
sych a^ course as a pre^requlsite for biology Wft perceived by 
both c1|acher8 and counselors.. It had beeb not^d that ninth 
^grader? with low to middle reading ability had jdif f tclrltles with 
^ blolo^ texts and with conceptualisation- Also* these; students 
reportjed th&t they found General BloJLogy too ea*y atrl Regents 
Biology to be too difficult. The planning of such a course coin- If 
cided with the decision of the Maiharoneck Board of Education to 
emgha^ize the acquisition and application ot biasic skills e^* 
math > writhing, 6nd reading., ^ , ^ 



"Science 9" was first ii^troduced during the academic year I975'^1976, 
The criteria for placement include4: , 

' . ■ . ' ' 

I), reading scores on the DAT'i falling between the 45th and 

75th percentiles - ^ ' \ 

[) weakness in ihath skills, 

3) iack of the necessary study skills and/or maturity 

The assignment of the appropriate student's'Xs made by the^middle 
school (seventh and eighth grade) cbunselors. Built-in flexir 
bility allows students to move into Regents Biology or to Gene£*al ' 
Biology upon recommendation of ^ the teacher. " ^ ^ 

The curriculum of Science 9 emphasizes basic skills with science 
content derying ds the vehicle by which the acquisition and practice 
of these skills is achieved. The methods of science are stressed: 
students car^y out 'experiences dealing with the investigation of a . 
problem, the gathering of data, the treatment of dat^ Ini^ludlng - 
graphing, table construction, and the 4se of ireth. These activit-ies 
are followed qy t^he students* applying these techniques to several 
scientific disciplines. Other skills ^wtth which Science 9 is con- 
cerned ^re: note taking, outlining, recalling information; and 
correlating reading and demons tratiolMMMi lecture material. 



* 

EiRch year pre and poattetta a^e used to evaluate the coutiie,and 
to monitor the aVudenta' progreaa* Theae are copducted by the 
Silence Department ^ conjunction wit|i p?:. Margery. Pernateln,; 
ptrectot .of the Department of Ptogtam Evaluation and Reaearcti, 
at MaiKarQneck High School/ Eaah^year both the course and the 
teftlng Inatrqinent haS/e been t^f in#i9i and^reylaed. In 1978-1979 
a ^omp^letely objective teat whlcH included some f^eclflc toplca , 
auch aa denalty and metric, cbnireralona waa Introduced. ' 

In order to evaluate the 'cufrlqiilum, seven objectives were set by 
the faculty. In 1978-19791 there were 203 students enrolled In, 
the course In . ten classes :,taught by six different teachera. The 
eV^uatlon of each, of the pb j'e base^. on a loca^y devise^ 

tea^ which was given in SeptembjBX and May. One hurjdred and aeven^ 
t^e^n (71%) of the enrollees com|)lete4 the pre and poattefta . 
The results show that tbier^ wfere gains for all the objectives with 
the exception of 'the obj€5<ifcive whlchr relates to reading scientific 
material . Moreover ,.;} the .testinjj Instrument shows^ a statistically- 
significant increase in six of t)ie seven objective skills and' 
therefore the Scleneie 9 ctfurse has been successful in meeting the 
establishccl criteria. ' ' ^ 

A follav-up study if cufre.ntly betfi^ .made to follow Science 9 
students throughout their ^^fmin yeare of high school in orttey" to 
determine their •electlo/i of^'and success in further science* courses 




V Content- A<tiQU\siix()N Of. selected hp^AXiTh EpticATio^ topics'' 



•>••- 



/B«rkei:iy;.i CA 94720, : ^ 
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ThelHealth Activities Project (HAP) has developed ' apj^roxlmjfltfly 
60 activities for health education. , Thpse' act IvlVies arfe i^ci*nce-s 
b^aaeld' experiments and/or simulations that provide the students the ^ 
opportunity to discover for themselves concepts pertJkning to 
health e<^ucatlon. Th^. data .used foj these., d^8coyerlea"ls"coi|^ 
by ^ the students ' through actual first /bfjj^^^P^*^^^^ with pt>j0<?ts> 
•situations and/or events. ' ^^[^ ^^^^"^^^^^^ -Va'. ; 



An atbempt to determine the effect pf. ^peirl*tVQij;i| '^'^ -"^jt^^ 

HAP Set II on the studenfd* compreher^sjljOjn of selectf^d healc^^^^ • ' 

Cttpta Iwais made by Interviewing students^ who.had;;^<varl9Up ptnount* 
of exfjerience' with HAP II. ^ The Interview &lso attempted tt) explore 
Che stWeats' attitudes toward handix>apped {^erafons' abl'lity to, per- 
form t jsks not directly related to their handicap ; A specific 
protocj)l Was develope4 and administered to a randoiA Asample 9*1 HA? 
IX stuilents.. The s^dentV* ♦responses were . then -compared tp their 
experience with the activities. \ - " 




Purppsi 



The purpose of the HAP II Content Interview was to determine whether 
^^Cudeats who experienced HA^ TI activities understood the health / . 
concepts inherent to those activities better thatr students who did 
not, experience the activities. The anticipation was that the fixpeti- 
ence ol the 'activities would ipffect the manner- ip which a student 
would respond to problems, sitvat^ioris. a«td/oi: new discoveries . related 
to HAP, II health concepts. ' , \ \. j^-'h y/-f ■ 



Measutlns^ the Dependent Variable 

the; interview 'consl.stedy^^^ content areas if r^dnv H^P^rlt- 




.... "^-''''-^v-- ■ 1)- .Body'"^etftper^.i^r^ f^;;' 
" : ' ' 2): 

'^V ; T' "Persons" AbiUtUt.; l^tuiV' .'/ 
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Thi«^-«r««t y«re <^ot\sld«r«d reprttlient«tiv« of HAP fl «n^d-w«re 
chogkn b#cau#e the degr^tf to which the studanta umderaJboQ^ the 
concept^s appeared to be measurable.. r ^ 

' Iteme'^for .the Content Interview .wdl-e designed to 'AraCua^'e a^ afcu-» 
. . dent ^ a 'undera taadiVig ^ol a paVtlcul^ir healtH ^oncejpt .V^ T^VV 
. carefully^deaiSned \not'^o b}5 dep^rfchaht upon alplAclf ic invent ^ thafc 

the ,8ti^4j>ht- wogi^d likely ')i^Nte: eKj^erijpnd^^ r^iiul^t ofc HAP, II^, ^ 

^ ^>ti^tt^fifcieay ,^ c hatieng;^ th^ atude'nt to ot^ae^y^^,. 

' pridji'ctv. and expl^ini evenVs tel^itr^(l. to ^AP (Ilr cqAceptaJ aa ,tl><iy / > 
^^cctirted v^lthln the contisjs^t of 'the Intervley. ^ ; ; ' . ' " 

■ ■ ■ - ■. -■ ■., 

Ttte. Independent Varlabres 

The amount of time that? h^d elapsed between *he date acudeht 
had experienced the "activity and^^t^af date of the Interview" wqs . 



recorded. The students* ''Coaserv*&*a.tl o^ yolume'V was measured 
using a task designed by Plaget, arjd Inhelder and was'uaed as a 
meaaure of; intellectual development, D^^mographlc data of age, 



se>t, grade j^/ere also collected 



' Analysis of the Data 



Due to the nature of the responses > two dl f ferent?;.5|jja^^^^^ an- 
alysis were used. When the dependent variables we're measured^^ on 
aa In/terv^l scale, a multipJLe regression analysis was performed. 
-vFor thojgtf Items where that was not feasible the responses we^re 
analyzed using a chl-square analysla;:^>, The analysis was conducted . '^^^ 
for the entire sample a-nd for each grade frotn 4 to 8. 

Summary of the RespotVses "for the Content Interview' - ' 

The analyses of the responses made ^>y the students to the iterns^ 
on the Qontent Interview Indicated that experience with HAP ll 
activities 'contributed toward the students' understanding of. health 
concdfpts. \ While not all Items demons treated* a^sl^nlflcanf dlffetence 
.between students who had experienced HAP II compared to those who 
' had. not, uhe.d^ta indicated that experience with HAP II was re'lated 
to the content-achievement of the health concepts measuredt>by Jthe 
Interview. , ' ;v 

1) The concept^^^^f the body creating a layer of warn air around 
It and that wind replaces that layer with cooler. environ- , 
mental air was more ^appropriate for the upper grades. 

[ , 2) Experience with HAR-H was related to the number df re- * ^ 
sponsQS offered when asked to compare drawings of the same , 
person at dlff.erent ages. - The students' reasoning l^vel 

was relat.ed to their ability to express*^ those difference's^ 
In ternna o£ body proportions. 



I 



•"'';;3) : Exiierlenc* with HAP.xr waa dlrictiy related ft/ the 

perception of handlcapped^eraon's abi^Ilty t^ per- 
form'-a task not relat*d to that handicap. 

.4) E*:peri«nce with HAP II wa« dit^tectly delated to the 

ability^ to explore why' selecte.d taakt^ ata, phyalologj^-^ 
' , ' [cally difficult to do. ' 
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. ANALYSIS OF AN INSTRUCTIONAL UNIT . 
' FOR COGNITIVE LEVEL. OF DEMANt) ! 

* * * 

' Ann C . ttowc 



Syracuse University 
Syracuse, NY V^2lO 

Beulah P. Durr ' . 

•Wlillam Nottingham High" School 
' Syracuse, NY 132lp 



Introduction * 

Recent FJLaget Ian research has called^,attehtion to the range * 

of cognitive levels^to be found among students In secondary sciehce 
classed and has ' shown ^hat the cognitive level of many stud/snts Is 
below the level demanded bjr much of the curriculum.. Although it is 
clear that we need tp inake a better match between the cognitive 
levels of students and the cognitive demand .of ^ the curriculum, 
much practical work remains to be done ixx this area. ' * ^ 

The problem has been, at tacked by sevpral inves^tigatots , Karplus . 
et al, (1977^ and Herrcjuo; (1975) have suggested guidelines for de- 
termining the cognitive >ievel required to master a variet,y of tpplcs 
in tbe curriculum. Lawsod and Renne|; (1975). showed that concrete 
operational students did ^not master content classified as formal 
opierational . Shayer-s(1978) analyzed several sections of the. Nuf . 
fljeld Combined Science materials^ using data collected from several 
'•'ihools, and showed how this method could be used^in matching cur-- ^ 
jculum to p.uplls. We have ,^6ught in this stody to carry this line 
work foryard. / ^ . < 



Purpose 

The purpose of the study wtfs To analyze a unit of the chemistry 
curriculum for cognitive level of demand. We used predeterminex) 
guidelines to pr^ict ; the cognitive levels required to master / 
various aSpetti of ' the unit and tested our predictions by, uaihg 
Shrfyer' s (1^78) method, of analysis. - 
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Method ^ . \ . 

. ■ • • J. ' 

Tft« cognitive levels of a^T pupil $ (N ■ .82) iki fbur chemistry 
ciaeeea^ in an urban- hi^h /school wer^ determl^ned' by means vOf group ' 
administered .tests / Pupils were categorised ij^s concrete^ trans}»* 
tional» earLy fotmal, or late formal operat ional^- 

^♦t^r th)^ unit of ifistructlon (the mole \aoncept) Had *beer1 * sfflectedV 
instructionar^pblectiye^ were,"dete^nined . These includ,ed, concepts, 
general 1 2a ttpr\l|t, e^d* prob^ljem types co"Vertngi ^the-y.«^rtous .aspects 
of the topic. ^ The unit was tlu^t to aid clarse^- by -olie t>achet 
using a method of instri^CtiQ^i develojj^d 'and tes.ted^n a previous 
study' (Durr and Ho^e> ld^9),^ 

■\ ■ , 

At^ the end /of the unit, attainment of the objectives of instruction 
wag assessed by a test composed o^ 24 items' selected from^tests 
prepared by national and stlhiie groups for use with secondary Stu- 
dents. Test items were choseo to correspond wit,h specif ic 'object- - 
ives of instruction. The cognitive level of each item was pre- 
dicted by reference to guidelines previously esta\>lish«d- / 



Analys-is^-of Results \- ; 

Results were analyzed by detemin^ng the percent of students at each 
Piagetian level who correctly answered each item. This allowed us 
to assess l£b^ *cogn^ti^ve level of demand of the instructional obJ[ect 
Ives and to cromp&re the observed levels with the predicted levels. 



Dl$c ussion ; . 

An analysis of this kind gives the teacher th* information needed 

to fo,rm reasonable expectations for individual pup4-ls an<J to begin 
f:o match the curriculum to the pupils." 



This stijidy demonstrates: t^He-Applicablity of an empirical method of 
curriculum analysis . ; Althou5;h the work is painstalcing^ it is not 
difficult nor disruptive of classroom routine and the results of 
the^analyais ' are imii>ed lately useful to the teacher. If more ^ 
teachej^s could be persuaded to work With science educators or 
on the^r own t,o make sim'l^ar anal^^es of other sections of the 
curriculum we would have both a theoretical basis (i.e, Piaget's 
work) and an empirical basis for making curriculum decisions. 



' y 
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LEARNING (JHEMIlWlV Al*D SClENTIFlfc METjlfODS 
J^lk) PROCEDURES THROUGH BIOCHEJMISTRY A ' 

FORMATIVE* 'EVALUATTObi ' ' ; 
David F. Tr«agU8t / ^ 
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. vTohn T. Cody / j 

University of Iowa 
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- Rational^ and Objectives 

The rationale for* ohe invest igatii^ti was baaed on the hypotheaia trfat 
students would stgnif icant;iy intrease their knowledge and understand 
•ing q£ .inorganic gnd organic chemistry by learning biochemistry . 
Similarly it was hypothesiafed that the, incorporation of a research 
propo'sal and laboratory investigations , . which were more extensive 
and required more critical ^thinking thaA typical cookbook labs , 
would significantly fnq^rease students' /knowledge and understanding^^ 
of the methods'and procedures of science. 

The major oljjectlve of this investigation was to exfiitnihe whether 
or no^ teachitig biochefnJLstry (higher-order content) would resijlt 
in subatantiaj learning of chemJ^ftry (lower-order content) and of 
the methods and procedures pf science. The Evaluation was repeat- 
ed over the three years of the program's existence In attempt to 
examine the consistency^ df the .results wtth different groups of 
8tudent8% « 1) . ~ 



Methodology and De8J.gn ^ ^ 

The study utilized a one-jjroup pretest-ppst test design; there was 
no intention of cdmparing :treatment with control groups. ^The time 
lapse between the pre ancf postfcest was approximately iik weeks « 
The statistical analysis "^involved the, use of the Wllcoxon matched- 
pairs slgned-ranks ^est to examine a significant increase or de- 
crease In student response between pretest and post test scores. 
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th« iubjecti wer« high-ability high school •tud«nt« •nrplled In^ 
a aacondary acience training program during the 'aiminaf at th* 
Univaria.lty of* Iowa. Studanta apant approximately six hour a peip 
day being directly involved in aome aapect of the program; lecture 
dlacuaaion ^aeaaiona were held at Che beginning of each half day 
fol towed by laboratory or library wpr1c. . ^ 

The aame program, with revlaion and updating, waa prelietited to 
aimllar gron^a— students in the auimer^ of 19/6', L977', artd 1978. 



^ Instruments and Da;ta 



the American Chemt<^iil Society ^p S) ; InorgflRl^ - t)ggantC - Blo 
Chemistry Test Form 1974 was uaed, .to evaluate aubject mattjtr 
competency In the three areas of chemistry; the Methbds at)d Proce - 
^ dures of Science ( HPS ) test wqs Ajised to /heasure the und andlng 
of the methods and procdures of science. Reliabilities for the 
separate inorganic, organic, and biological chemiatry section of 
the Ads Test wer^ established at. 0.90, 0!68, and 0.85 respectively 
the reliability , for the MPS Test was eatabliahed at' 0^75- Norms 
for the ACS Test were based on students from introductory Qollege 
courses; norms for the MPS test were based on students in grades 9 
to 11. ' ' 



Results,^ and Conclusions ^ ^ ^ ^ 

The analysis of the data over the, three summers was relatively 
consistent and showed that the students in the biochemistry courjje 
had ;5tatist ically significantly impv'oved their understanding not 
only of biological chemiAi:.ty but also of organic and inorganic 
'chemistry and of the methods and procedures of science. The con- 
sistent results over the three summers would appea^ to imply that 
teaching this type of biochemistry course (higher-order content) 
to high ability high school students^ is a viable means of teaching 
chemistry (lower-order ^ontent>) and the methods and procedures of 
science . ' ' " 



202 

2n . 



A DEVELOPMENTAL STUDY. OF THE^QNCEPTS OF 
-HEAT AND TEMPERATURfi IN 9 TO 13 YEAR OLDS 

Michael Shaker ' ^ ' 

Chelsea College: University of LoQdon 
London, England SW6 7SR 



It appears to be a jnatter of some dispute between Ausubellans and 

Piagetians as to whether children develop specific concepts in a 
hierarchy by the same or by many different personal routes. If 
a^sample large enough and sufficiently varied in ability can be 
investigated a critical^ test is possible. 

The study to be described made use of three inputs. The develop- 
ment of a technique of **psy^hometrl3ing Plaget'' by an EnglisMI teani^ 
based at Lottdbn University provided a way of extehdirig a stuci^ by ' 
Erlckson (1977) of ^personal conceptual inventorieflt to testing a 
sample of 200 children by a 60 item demonstrated group test^^; In 
addition a team of curriculum developers had provldied a tentative 
list of objectives for the teaching of heat to middle^ school stu- 
dents. The schools in which the study was carried out wished to 
know which of the objectives were more suitable for, 9 or for 12 v 
yjgar olds. The group test utilised descriptors both from the Erlck- 
son study and from the list of curriculum objectives. 

In addition to the heat test a Piagetian group test (NHFER, 1979) 
in the area of volume and heaviness was administered to see whether 
the development of concepts of heat could be mapped onto Piagetian 
stag^es of development- ^ 

T^st items in nine aspects of heat were written, with some of the^ 
experiments to be niemonst rated to the class., Ithese aspects in- 
cluded conduction, expansion, compdsition of heat, temperature ' 
scales, changes of state, etc. ' 

A factor analysis of the data showed that one factor was sufficient 
to explain, thfe common- factor variance of the heat scales., and that 
the he^t test was also unifactor with the Piagetian test. In- addi- 
tion the ^fegression of Piage\ian leve]., sex and sghool year onto 
level on the heat test showed a slight sex^differentlal In favor 
p£ boys, and a non-significant difference' in the age develppwental 
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rate Detween xht heat #Ttd tsh,e Piagetlan levels. It was possible 
to deacribe eflirly. concrete, *late concrete ^nd early formal levels 
of .understanding in thie;area of. heat* and temperature. 

In this particular case it appears tl^t the hypothesis of a numbet" 
of different* developmeTital paths ^^epenldent on previ^ous experience 
cannot., be sustained. It Is not claimed, that this^would be true 
of all cognitive development, particularly wh^e cuVture-speclflc 
irfyths ar^' involved. ^ , . ^ v 
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A STUp3j,' 0^ THE CXXSNITIVE AND AFFECTIVE IMPACT 
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ObjecClves and katlonale ^ , 

\- 

Teacher ingerv;Lce eduOjSitlon programs have, been utili: 
dominant approach to updating kno\f ledge and- teaching methodologies 
of educators in all fields. While such practicee have generally 
been regarded as effective, few studies have^ attempted , to 'deter- 
minef whether such experiences also, rfesult in i positive impact 
on the ins'ervice teacher's own life-rstyle. 

While . it is important fpr teachers of all disciplines to exhibit 
behaviors apj^^opriate to and exemplary of Jthelr profession, it 
is crltic^lj'jLor the educator who attempts to teach environmental 
education or environmental science. Surely, -the environmental 
educator who employs a "do as I say nofc .as I do^V approach Is 



quickVy *^exposed,** Tt is jiighly questionable whether such ^n 
individual qan have^ a significant impact on students. 

While a highly effectiv^a inservice, teacher education program pro-^ 
vld^s educators with the latest methodologie» arid techniques of ^ 
a particular field, it should al^ Implact* both on the so-called 
cognitive and affective domains; irhat Is, s^uch an experience should 
in addition motivate teachers to change their behavior. 

* ■ * 

A summer institute/workshop was^ conducted at Cpok 'College, Rutgers 
The State University of New Jersey during the summer oc l^J^J^ The 
four week, five credit hour course was open to inservice teaclfiiers 
of all disciplines at .all grade levels." 

Thi^ course ^was designed^ tq expose teachers to a wide variety of- 
environitiental problems endeqiic to New Jersey in •particular and to 
the Middle Atlantic states regiojt^l area i^n general; Activities 
were designedvto promote cognitive and affective growth related 
to environmiBntal issues and to introduce new \meth|bdologies for 
translating those experlence$''^4nto classrooojn application. 



In addition to \the more than thirty Cook/Rutgers faculty members # 
on the sunsnet institute staff ^.jnember^^pf the buslnesie/lndustriel 
sector and representatives from federal, state, and private organlV 
zatJLons contributed thelp ^expertise. Thus, the total ''faculty" ^ , ^ 
exceeded lOO experts from various disciplines with varying environ- 
mental orientations and offering a wide r^nge of vl«wpoints\ 

The objective of tills ttudy,was to determine the suctiess of this 
intensive course format and conte'nt ii} promotiog positive* environ- 
mental growth^in both the- cofenl tl^ve a,n<l affective domatns. More. " 
spe^cif ical'-j.y^ as a 'resi>lt^(^f participating ix\ the summietr ins 1 1 tute 
workshop, did the piarticipants e^*bit significant/pre tesir.ohrfnges 
n: ' :^ - 

-I), -growth in knowledge about environmental issues? 

.-^ 2) change^ In' affect (emotionality) regarding environmental 
proble)[ns? • ^ 

3) cHange in yerbal commitment regarding efforts* to improve 
^nyi-tonmental quality? 

4) change in victual -commitment (behavior) regarding the 
improvement of environmental quality?' 



Methodology and Design 




/ 



A quasi-experimental design- (pretest- treatment-pofettest) was em- 
ployed in this study.. The 29- inservice teachers/ enrolled in the 
1979 summer institute workshop were administered a pretest on the 
first day of the workshop. At the conclusion of the workshop, a 
post test was administered. A copnparable control group was unavail- 
able . 



Instrument ^nd Data 

The Ecology Attitude Xnventpry (Malony ahd Ward, 1973) used in this 

study included four subscales: 

« 

1 ) Envi ronmen t a 1 Knowledge 
^ 2) Environmental Affect (emotionality) 

3) Verbal Commitment 

4) Actual Commitment (behavior) 

The authors reported reliabilities (Cront)ach' s Alpha) for the scales 
as .85, .81, and .89 for Affect, Verbal Commitment, and Actual Com- 
mitment, respectively. Internal consistencies using Scotts Homo- 
geneity Ratio were .358, .296, and .442 for Affect, Verbal Commit- 
ment, and Actual Commitment, respectively, it' Pearson Reliability 
Coefficient of .89 was reported for the knowledge scale. 

A biographical questionnaire was employed to obtain personal^ 'dafa 
rjalated to -age, sex, ethnic groiil^^ etc, of the sample. 
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Results and Conclusions \ 

The results of this study Indicated that the participants In the 
summer institute workshop achieved significant pre to pdstteat 
galn^ on all four sul^scales of the Ecology Altitude Inveptory. 
In addition, a number of highly significant correlations between^ 
the four subscales and Inservfce teacher personal characteristics 

were revealed. ^^'^ * - / / 

'.^ , ■•' * 

More specif icaj;ly, ^thls study showed th^t: > . - 

' 1) The wprkshoa formax and cdntent employed were highly 
- successfjLil fin producijj^ signif icanj;^ cognitive. 'And 
affective growth in e^^ronmenCal education. 

2) A relatively short intervention (four weeks) can produce 
positive envirbnmenta.l life-style changes in adults v 



Reference 

Maloney, Hlchael P. and Ward, Michael P- Ecology: Let's hear 

from the people. American Psychologist > July 1973, 583-586 
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AN EVALUATION ,0F THE UNIVERSITY OF WASHI^^TOlJ PROGR^ 
IN PHYSICAL SCIElteE AND SCIENCE TEACHING: 

' U '. ' ' 

' • . • 

^ t" FOR ELEMENTARY SCHOOL TEACHERS ' 

- ^ Jim MlTiBtrBll ; / -y . 

Mercer Island H^.gh School 
Mercer Island, WA 98040 ' 



This study was an evaluat>.on of the .effectiveness of the 1^73'arid ' , 
1974 summer versions of a teacher training program Jdintly develop- 
ed by the University of Washington Physics andxEducatlOn Di6partmetWs 

Through the use of four instruments developed by the eyalu'isi'tipr, o 
data on teacher behavior was gathered and.use^d to assess the^^tt^ih- 
meUt of the program goals. A Survey o£ Science Teachitjig Character- < 
Istlcs enabled the evaluator to identify changes- in teachers-, 
perceptions^ of their science teaching behavior, l^i^om* class room * . 
observations and audio tape recordings, the^ QlaSfiroom Obsjernat^ipr]^ 
Instrument was used to Ideritify changes in student ^etiy 
General Coding Scheme for Science Lessons was used to identify \ 
changes in teacHer verbal behavlot, and a Wait-Tima CJtfde waV used 

^to identify changes in the teachers* listening behavioir. -Pre and'' 
post program observations were conducted two moi>tt>8 pribr td- the 
program awd eight months ^after the program', respectively. .Natur.ally 
occrurirtg opportunities to contr9l competing varjiables resi4b€ed' in 
fche employment of five arialysis designs^ ro test the effects of the * 

^program. Significance was set at the .0^? leve?.* The •penerat;C0de 
and Wait-Time Co^le were also used "to descrihe verbal interaction- 
of t;he summer institute instructor?. * . / " ] 

The jEollowing is a list of the seven program goals and the observed 
results related to those goals. The teachcj^r participants were 
expected to: s ' f |? 

, "» . # . 

* (1 and 2|/| Increase understanding of the concepts, of 
science and^ increase interest, in science 
and science education. . 

» * ' ■ ' > ' ■ . ' 

Survey results suggested that the teachers, perceived" that they 
had changed in ways consistent with these two and the other 
# five goals. However, the evaluator collected no observations 
froin which to decide ^^hethfer the teachers actually changed 
behavior in accordance with the abov^ two gbdls . ' 
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3) Incriiiase emprhasii -In appropriate' $tu44^ ^ 
•for. laa^rtii-rig- aci^npe--. .^^ ...t....;. 'v 

Th^e wi!^^*; Significant d6cr«aae<i aclencifb X^a^ion tltnfe a^ant ^ 
vatehlng demdnatrat^iop^a, T€^4dln]^/^^i^^^^ to lecturea/^^^ 

4) Incricaae «raphaala op uaa pf queatlonlpg and Imptqvfev ^ . 
mant Qjf queatioivlng tecl\nique^. v • .V 

vTftaeh«ra< significantly i^ncreaa^d th«ir uae of queatloning in 

. * . general,. While there appc^ared to b6 a c^^ange in Ht(ie diTb^ction^" 
of Increased waltttlme, there vaa nctt a ^igniflcapt in^teaar' . 
a c cording to the 3-aecdnd wait crite'ifion^, \ . 

Increiaae emphaaia on af^propriate queatloning for gaining 
knowledge in a^cifnce'. /. 



TeacKera aignif icant|y increfaed their uae of concrete, 

rational, ^on-arblt t^a^iry , npn*-authori ty baaed waya of generatr^. 
ing knowledge in dclence* Teachera »aign^ficantiy' d^creaaad 
their questioning and telling aboOt arbitrary algna , aymbala > ^ 
^name9,-and definitions. ' f ■ 

6) increase emphasis 6n approf^riate behavior for aiding j^he 
Intellectual devft^lopment of children. ^ 

TeaLcbera sigOi ficantly Increased tVief r use of higher level 
quesrlonts ^nd significantly * decreased their use of a^tfitemehta 
. - relating to classroom management and.cont-rol of 'atudenta. 

7) Increa^ .emphasis, on communicating clearly^and on uaing 
tertns f rom prior experience . " ^ . . 

.,. ; ,■■ \ ■. ■ ' .V 

Teachers significantly increased their .questioning for clari^ 
* fication of meaning and 'sirgnif icjantly deicreased their question- 
tni for ill fo.rrta't ion without a concrete 'base . ' 

Since'/this jprogtam effected' behayj.6r changes supportive of goals that 
are coaslst^nt with natiojnal prioritises, the program ^was judged to 
bl*^ valuabfle for educating elementary school science, ^teach^rs ; 



MEASURIMG TEACHER^' ATTITUDES ABOUT 
ENERGY AND RELATED MATTERS 



Durvard Richardson ^ 
Ltnda Johnson 
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East.Texas Statt U 

"C0tttm«rj|p,' tX 75A28 

Rationale and Objectives - 

Americans continue to search for a villain to blame for the Inconven- 
ience, shortage, and higher prices caiised by a lack of available 
energy at an etonomlcal* price . Few Americans have a good understand- 
ing of the' details of recent governmental actions in creating energ/ 
education programs to provide an Informed populaQjt,— f^Te^chers in 




particular have a respdnsibllity to be Informed oft current conditiotis 
in* all segmef^ts of our society. Because" of JSj^his need, the government 
and various energy producers are- providing finiinclal support to 
-.colleges and universities for the purpose of t^onductlng energy ed- 
ucation workshops for teachers* A survey, ^f available print media 
in4ic4£e^8 th^at little or no research is being done to investigate :. 
t\ve effectiveness of th^se programs, and apparently none is being done 
to determine attitudinal change taking place among the partlcipfantli ^ 
Becajise of this absence of evaluation effort, there is an identified 
nee'd to investigate the effectiveness and value of these programs and 
to report the findings. In response to thll need, a study was Initiated 
to measure additudinal change of participants during the various 
workshops being conducted on four university Qampuses. 

The objectives of the study were: ' 

M ■ . . : : 

1) to design a Llkert-type scale for 'measuring teachers' 
atti tudes 'abont energy and related subjects; 

2) ^ to preand posttest participants in five different 

programs conducted at four separate loi^tlons; 

3) to applylstatlstlcal procedari^? in determining Significant 
cha^ftes ffln attitudes ^bout?^nergy Isind related matters as 

• te^^/of participation in energy education workshops- 

^ ' ' ^ ■ . ' * . . ' -'*''..> 

It . ' ' ' • • 

Design _''^/,/ / - 

Initially, drf^ttfift" pool of ^^Likert-type it.em8 was constructed with 
a five point strongly agree4Wx8 Wrongly disagree response continuum. 



•I 




The Instrunvent waa adntinlatared to*"205 Indlvlduala enrolled In 



graduate teacher education couraea. Intercorrelat:^ona of the 
^ ^6 attltudl^al itema were computed acroaa all. 205 reapondenta. 

Factor analyaia waa employed ualng a Varivax criterion (orthbgonal 
rotation) of the factor matrix. Twenty-nine facto ra , .accounting 
for 7B% of the common variance, wexf extracted with aeveral factora 



exf e> 

having multiple loadinga and 19 Ittti^Hloadlng alngly. ; 

Each factor waa evdluated by knowledgable indlvlduala to determine 
if the factor ahoul^ l?e Included. In addition, each rater identi- 
fled the item (loading) that ahould, be uaed to meaaure the factor 
where multiple loadinga were* preaent . Relevance to the overall 
attitude domain, diacrlminiability , length of item, and reaillltant 
loadThga were employed in arriN^Thg at tHe nineteen Ite^^ 
in the final form. No item waa included with a factor loading 
leaa than .5, while most included itema had lo#dinga in the .7 to-^ 
.8 rangf). ' ' ^ 



The inatrument waa then adminiatered in a pte and poatteat format , 
to all partlcipanta in energy education workahopa being conducted 
^ during the summer of 1979 at four area univeraitiea . A t-teat ^ 

"^/v ^ waa utilized to compare the two related mearia of each group . to 

determine the probability that the difference between the meana 
waa a real rather than a chance difference. Other variables conal- 



^x'l^y dered were sex of participants, subject matter taught, and grade 



\}% level taught. A null hypothe8ia:$^as teated ift each individual 

^^V^jaXlfv. . case. 



Results and Conclusions • " 

— , 

■gie resell ting nineteen item inatrument did in fact meaau^re various 
constructs related to altitudes about energy and energy retated 
matters. All but one group moved toward a definite and significanf 
pro-energy position where attitudes were concerned. Analysis of 
data related .to sek, gtade taught, and subject taught was made. 



EFFECTS OF INSTRUCTION IN MEASUREMENT PROCESSES 
ON ATTITUDE, KNCWLEtXJE, PLUS MEaWeMENT 
AND ESTIMATION SKILLS UPON INSERVICE PROFESSIONALS 



Mlchftel Sgabo 
Cecil R. Trueblood 

The Pennsylvania State Univertity 

University Park, PA 16802 



The present- research ^xamine*^ the effect of measurement Instruction 
Cmcitric) on attitude, knowledge, ^ ^nd skills of measurement and 
estimation. The sample" consisted of Inservice teachers and admini- 
strators K-12. The context of the. InAtimctlon was a series of 
workshops to train teams of leaders who Were scbool'-based ahd 
willing to train others (colleagues, admlnistratcnrs students , ^ 
.cotimunity) in metric measurement skills dealing wtth length, 
area, volume,^ m^ss and temperature. .Jr^ addition to 'staff - 
training,, the Readership teams were to design exemplar, metric 
instruction,' revise curriculum guides^ and deve.lqp mult year/, 
changeover plans to incorporate the metric system of measu»ement . ^ 

The treatment? consisted of providing instruction designed under 
funding from the Metric Education Office. The' Instruction was: 



1) diagnostic and presprlp4;ive , with embedded 
- diagnostic assessments; 

2) self-pacedf 

3) individualized; and, * ' * 

4) based upon a manipulative mode. 

% . • ' . 

The instructibnal package and jojodel was designed tOvihsure that 
each member of the leadership team would possess ad-equate measure^ 
ment skills to enable thfem td carry out the above mentioned x 
leadership tasks. 

The design was a pretest/post tesjt treatii!«nt -^roup field study 
with replication at various sites and levels. Data were collected 
from three separate school districts rfnd^from seyeral leadership 
teams within those districts. In sbme^ffipies, data were. also made 
aviiilable from the staff members trained by the leaders. A mini- 
mal- amount of^tiata were available from students of the staff. 



InatruQientatlon cpnalatad of taliarata Instruments to maasura: 

1) attitude toward metric meaauremfjiC 
i (Shrlgley and Trueblood, 1979); 

2) .knowledge of metric, meaaurement terminology; 

3) measurement akllls; and, 

4) est;lmatlon akllls. 

'In most cases )^ data were available on a pre and pojittest basis 
and were analyzed using repeated measures ANQ^VA. 

It was found that In the majority of subsaiiiplts> algnlflcartt gains 
were made from pre to posttestlng. The variable most frequently 
subject to gains was metric attitude. Dramat ic ga ins In es^l- .-yV 
mal^ion skills; observed during the inst^-uctlon/ wex-e not as dra-^ 
matte as evidenced by pre/post gains. Substantial gains In 
measurement and knowledge skills, were noted In many subsamples . 

The results suggest further study, of an experlmeVital field atudy 
Aature to confirm^ the findings regarding Instructional approaches 
tq' measurement processes. Effective measurement Instruction 
could make rfdded time «vallabl6 fot science lns»t ruction. 



: * Reference ^ 

Shrlgley, L. and Trueblood, C,,R. Designing a Likert-type 
sc^le to access attitude toward .metrication . Journal of 
Research In Science Teaching, 1979, 16; 73-78.^^^^ 
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VAtlDATlDN OF THkSE INSTRUCTIONAL MODES WITH C0NSERVER8 
AND NONCONSERVERS OF LENGTH USINO 
liNEA^l METRIC MEASUREMEN-^ , 

^ Sutaa R. Smith ^ ^ 

, Cecil R, Trueblood 
X i^l^hael Suabo 

The Pennsylvania State UolversHiy ' 
University Park, PA 16802 



This study attempted to gather «^mplrical evldenc a to guide ^ 
etlucators In their teaching of linear iqeas^rement to primary 
school children, More specifically, the study attempted to 
answer tte qufestlon: What modes of Instruction are most effective 
for teaching linear measurement concepts to conseTvers and non- 
■ conservers oc length?* , ' . * 

Slxty-slx first and second grade pupils were randomly assigned to 

three treatment (T) groups. Each T group was compps,ed of 11 con- 
servers and 11 nonconaervers of lengfth as defined by Jean ''Plaget . 

Tl was taught length measurement for on<e week under an abstract 
(syT9bollc--S) n^ode of Instruction. Tl and ^2 wer^., taught for 
one week under a graphic (l^tonlc--!) mode. And Tl,*T2 and .T3 
were tajught for pne week under a -manipulative mode (enactive--E) 
of Instruction. All stiident output was In the E mode. The modes 
are those defined by Jerome S. Bruner (1966)* 

A nine Item test, designed by the Investigators was given the 
end of each^week of Instruction and constituted "the dependent 
measures. This measured skills In linear measurement • Metro- 
politan Readiness Test scores from the' pupils' school files 
were used as a measure of general mental ability (GMA)- A teat ^ 
of length conservation "similar to that described by Ynhelder, 
Sinclair and Bovet (1974») was designed by the Investigator to . 
identify conservers, .and ngnconservfcrs ; . * ' 



The data ajtialynes run on the dependent measures consisted of 
analyses of variance^ correlations, and analyses of ccJvariance 
using GMA as the covarlate* ' ^ . 
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flndlugi «M coQcluslont of tht study Include: 

o . 

- : • . 

I) conse'rveri hlid significantly higher (p ^ .05) gensral 
mental ability scorffs than nonconser>^r«; 

Z) cQjutrvtrii did not pirform jJLgntflcacuhy^ batteif than 
, noticonserverf on the po*tteet; - 

3) posttest scores from the manipulative (!!!) instructional 
mode were significantly higher than scores from the 
liraphli^ (I) ^bde^Cp ^ 05);^ 

4) tKe "dlf farjintea between scores from thp manipulative 
(E) mode weejc and the abstract (S) mode week was 
high but not slgnlflca\it (.OS^pc AO); 

5) no significant difference w as found bet ween scores 

of conservers and nonconiieitvers on the E posttest; 

6) no significant difference was found between scor^es of 
^conservers and nonconservera on the I posttest; 

7.) no significant difference was found between adjusted 

scores on t;|l^e^ S posttest of <:Qnservers< and nonconservers 
when GMA wafi accounted for via analysl9 of ;covai:iance; 
and, * ■ \ " 

8) ^ no slgnlf jLciant difference was found between adjusted 
Iteretlve measurement subscores of conservers and non- 
conservers when GMA was the covarlate^. 

\ 4 

V , 

The Implications for educators are: 

< . 

1) primary pupils, whether length conservers or noncon- 
servers, can learn to measure, with non-standard and 
standard units of length; 

2) tteriitive mea^juremertt Is a difficult concept for prlmairy^ ; 
pupils regardless of their conservation status; 

3> the maolpulfttlve Instructional mode la more effective 
, In Introducing measurement concepts to fltst and Sjtcond 
graders than the graphic and symbolic modes; and, 
4) Biagetlan conservation measures and IQ measures seem to 

overlap som€^what*ln thefr effect on learning. 

. ■ ♦ ■* 

ReferenceiTv^ 

BruneT, J* S. Toward a Theory of Inst^ructloa Cambridge, Massachu- 
setts: Harvard University Press ^ 1^66. 

/ ■■ /.'<(/■ 

Inhelder, B.,* Sinclair , H ^and Bovet , M. Learning and the Develop 
gaen^: of Cognition . Cambridge, Hassachuset ts: Harvard Unlver- 
ilty PressT 1974. ' 
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THE EFFECTS OF THREE INSTRUCTIONAL STRATEGIES 
'pN P^ffSERVICE TEACHEks' ABILITY TO ESTIMATE 
LENGTli AND AREA IN THE METRIC SYSTEM 

BarbarayQt, Atllvd , ' " ~ 

* •* • ^ " . . 

Ur^lverai ey of Plttiburgh 

Johnttown) PA 15907 ,^ , 

C«cll R. Trueblood 

The Pennsylvania State Uhlveralty 

University Park, PA 16802 . . 

Is... 

The purpose of this study was to ^investigate how the nature " 
of metric estimation skill instruction ^fferts prospective 
elementary and- special, education teachers' abilities to estimate 
metric lengthy area and volume. Four types of estimation skills 
were identified by an estimation matrix. .These tfypes were based 
upon th^ iphysic^l absilnce or presence of the unit of ref erehce . - 
during the estimation process and the physicial absence or presence 
of the object .o be estimated. Specifically,. the investigation 
sought tp determine what effects learning one type of estimation 
skill (when dbject to be estimated is physically present and unit 
of reference is physically absent) for rtjetrlc. length jnd area 
to criterion had on the retention of theM skills as well as on 
transferVto three other estimation tyfees - Three instructional 
strateg/es were seleCriid to develop tftils t^pe estimation skill 
The s<rattegte8 employed were: * 




1) a personal reference ifnlt; 

Z) a cut or drawtt unit of reference which was put 

out olE slight before making an estimate; and, 
^i) estimation withoi^ specifying an explicit ' 
strategy. 

Forty-two ^lypotheses relating to th« following tlx "tiu«»tlons wer« 
tested: , jb. . ' 

Is onel of the three instructional strategies more ieffectlve 
in redjuclng the estimation error for Type 1, 2, 3, and 4 
estimation skills? ' 
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t)o«t on* Inatruttional' strategy rei(ult In a greater number 
of atudiftnta mastering estimation skills for metric length 
and area? ' 

What effect does explicit Instruction to criterion In Type 
2 estimation skill have on the acquisition of the reiKialnlng 
three types of estimation skill? 

What effect does explicit Instruction to criterion ^or Type 
2 jestlmatlon skills have on the ability to Improve Type \ , 
3> avl6 4 metric length and area estimation skll*t8? 

What effe/ct does explicit Instruction to criterion In metric 
length estimation skills \\ave, on th^ ability to estimate 

metric area , and wh^t effect does explicit 4nstructioia^4ji 

metric length and area have on 'the abllty to estimate volume 

in the metric system? 

» ' ' ■ 

How are prospective teachers' ability to estimate length and 
area in the* metric system before explicit instruct! on related 
to their ability to estimate length and area in the metric 
system after e^pllcit^ instruction? 

After a pretext, 126 subjects were randomly assjtgned'to one of 
the instructional strategies for the duration of the investigation. 
Utilizing self'-paced Instructional materials students were instruct 
,ed to criterion in Type 2 estimatio^p skill for length estimation 
and area estimation skill. ' In this estiniatlon skill type the unit 
to be used in making the reference was physically absent While 
the object was present. A criterion referenced mastery test was 
administered to determine mastery of estimation skill at the con- 
clusion of instruction for the attribute. Mastery criterion 
was defined as estimates that were within 15% of the measured 
attribute on 80% of the estimatjes. Upon achievement of mastery, 
a Retention/Transfer tesf; was administered- to deterpnine the ability 
to perform the other three estimation typeis. 

Utilising non- parametric statistical techniques tKe followi*ng 
cpnclusions were reached: ' ' 

1) The personal reference 8trategy{was 8ig^\ificant ly 

more effective than the unit reference strategy for the 
estimation type that wds the same as the instruction; 

♦ 

' 2) No significant differences were detected in the number of 
stude-^.ts for each instructional strategy who achieved . 
mastery criterion following instruction; * 

3) When students retained mastery 'criterion of the estimation 
skill for which they recieved instruction^ they- did t^ot 
• reach mastery criterion on the temaining types of estima- 
tion skills for the same atttlbute on the Retention/ 
Transfer test; 
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4) For ttuKjAnti who achieved ma^Ctry criterion during 
ln«tructlon, significant rtductlons In •ttlmation 
arror ware aoted for additional estimation types 
following Instruction In length afid area estimation 
skills for Type 2f . | ' ^ 

5) For all, instructlonei strategies subjects'*' estimation 
*rror for area, after length estimation instsiJction 
was s'ignlflcantly improved as was the volume estimation 
error for students employing the unit reference strategy 

.during area estimation instruction; and,' 

6) Correlations between pretest and the Retention/Transfer 
test were not significant. 





MBTR^e ATTITUDE AND ACHIEVEMENT OF PRESERVICE ELEMENTARY 
TEACHERS AS A FUNCTION OF THREE INSTRUCTIONAL APPR0ACHB6 
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Th« PAnn»jrlv«ala_itAtA_Uatvjriity_ 
University Park, PA 16802 
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The putppaea of this study were to: 

1) determine 4f preservlce elementary teachers* attitude 

toward •the metric system can be Improved by completing 
metric units of Instruction .embedded In a methods 
course; and, 

2) investigate relationships among three types of traln--^ 
*lng, attitude, and learntrigv ' 

The sample was comprised of 126, ^students In an undergraduate methods 
course at The Pennsylvania State University. Studente were randoiply 
assigned to one of three treatment groups and each, took a knowledge 
and attitude pretest. After the students completed ^the* metlrlc 
instruction modules, they were posttested on knowledge and jfttitude. 

Independent variables Included ^the specific i^odules of metric ,v 
instruction with the three treatments embedded. The main depend-,; 
ent variable was metric attitude. Additional Criterion variables 
were length, area, and volume estimation skills. ^ 

The hypotheses of this study were tested through analysis of 
variance and the correlation technlque^.^ The Inst ructlonal" treat- 
ments are described In the paper presented by Attlvo and Trueblood, 

First, there was a sLgnlf leant attitude gain for all who received 

Instruction. This gain was observed In all three -sub»cale scores 

aa welj. as total. No differences In attitude scores as a function 

of the three types of Instruction were observed. - - « 
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This study led to the following conctuslona. There weri^ differ- 
ences between three levels of metric achievement on a measure of 
metric sttitude scordi (Impact; of Changeover on Self) for preservlce 
elementairy teachers who acquired competency in the metriq modifies. 
This difference was not observed on the total .attitude scdre or 
on the other two subscaJLes. (Impact of *Ghangepver on and . ^ 

Present Ability to Learn to. Use Metrics). - 

Next, there were no correlations between three levels of metric 
achlevemgmt on a measure of metric -attitutlct scbre or on Subscale^ 
2 and 3 for preservlce elementary teachers. The results for Sqb- 
scale I suggest highe^ attitude scores for those with high metric 
achievement acores. . ^ ^ 



Finally, there were'nJ!> significant correlations between achieve- 
ment scores on length or area isstimation skills. and pdst attltade 
scores for those who did or di^ji not martctr selected typ^s . of esti- 
mation slcills. There were no ^differences among Type 1, Type 2, ' 
'or Type 4 correlations between length or area estimation skills 
and post attitude scores. There were no significant correlations,; 
between achievement gain in length, area, or volume estimation 
skills and post metric attitude scores. ^ 

It appears that specific instruction to train /pvaa^rvicV teachers 
to measure and estimate in metric units increases at least som^ 
dimensions of their attitude toward the metr:^c system. Differences 
^In metric instructional fomat did not result in different atti- 
tudes." Finally, post betrlc attitude drd not seeip to be a. func-- 
tion of the amount ^of metric skills acquired. 

• 1 ^ ^i. 

.& : 

*■ ^ 
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A COMPARATIVE STUDY OF CHEMISTRY STUofeliTS ' 



PERCEPTION OF THE LEARNING ENVIRONMENT IN HIGH SCHOOL 

AND VOCAtlONAt SCHOOLS 



Ruth Ben-Zvl ' 
Avi Hofstein \ 

"fhe Weimanji lofltttu SQlfSincft. _ " 

Rehovot, Israel 

Rationale and Objectives 

V ■ '■ \ 

The science classroom and laboratory are key places where intentions 
are transformed Into actions and ^where both teacher and learner are 
Involved In realizing the curriculum objective? ♦ In a recent article 
by Yager (1978) it is recommended to include the classroom climate 
'^in educational research as a part of the transactions which take 
place in the class. 

An Important contribution to the understanding of the role of tl^e 
learning environment was made hy Anderson (1973) Who developed the 
L.E.I. (Learning Environmental Inventory), a measure of classroom i 
climate. The L.E.I. Was found to be a good predictor both for 
students' attitude and achievement (Welch, 1973). 

The present* study is an attempt to gain more^ Insight into the val^idity 
of the L.E.I, as a measure of classroom climate by comparing the per- 
ception of two different groups of chemistry students. It was 
hypothesised that specific differences in perception of ^classroom 
learni'ng environment could l}e attributed to differences in ability , 
teaching strategies and reasons for studying chemistry. - 



Instriynents and Methodology i 

The L.E^,I. consists of the following 15 scales: 1)tfficulty,' Speed , 
Apathy 9 Satisfaction^ Goheslveness , Disorganization, Competitiveness, 
Diversity, Democracy, Friction, Goal Direction, Favoritism^ Environ- 
ment and Cllqueness. A modified version of the instrument was used 
in the present study in which a chemistry ponotation was given to 
most of the items. . * 

i" . . ■ 

f ' • ■ 




221 

230 



TThe inventory was given to two entirely different grpupa of 11th 
grade students^ who learn chemistry; a group of high schooj^ students 
(N « 235) from eight classes and a group of students studying chemis- 
try in vocational schools in order to become laboratory technicians 
(N • 115) from eight classes* ■< 

There are several differences between the groups which it is hypo- 
thesized co^d contribute to students' perception of classroom 
learning environment: ' 

a) Ability: ^Usually those who choose to study in voca- 
tional schools are less able students . - 

b) Class size: Classes io the vocational school on the 
average are smaller than in a regular school. ' 

c) Reasons for study: For the high school students, 
chemistry is one out of many subjects they learn 
while for the labora^tory technicians the studies 
of chemistry are a\ preparation for their- future 
career. \ 

d) Curricula: The curriculum studied in high schools ^ 
is concept oriented and the laboratory experiments 
are usually of the ^5roblem solving type, while the 
laboratory technicians' curriculum is comparably 
loaded with facts and bits of information. 



Results and Discussion * . 

A multiple discriminant analysis was used to gain weights for the ' 
15*scales of the L.E.I. The value of Wilks* Ii«mbda, asspciated with 
the one discriminant function aeparating the two groups was 0.64 
and the value of chi square was 152 (df « 1^ p< 0.001). These re- 
sults support the hypothesis that the two groups differ in their 
perception of the learning environment • 

In order to get more insight into the differences a series of t-'tests ' 
were carried o*ut for each of the scales* It was found ^fhat the lab- 
oratory technicians rated significantly higher jon six oSt of 15 of 
the scales; Formality, Speed Coal , Direction, Satisfaction, Democracy, 
and Difficulty and significantly lower in Disorganization, Apathy and 
Competitiveness. . ^ ' 

These differences will be discussed in relation to the differences 
existing between the two groups . r 
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From the results obtained It can be concluded that the L.E.Ii la 
a aenaltive Inatriiment. for detecttng. dlf IliVences in abirity^ Iti' 
the curjclculum 3tud;ted and also In the „careeV expectations of the 
students,.' ^ 
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APPLICATIONS OF SCIENCE PROCESSES 
BY ADOLESCENTS USING MICRQ- COMPUTERS : 
PART I , ESTIMATION 
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The use of the micro- computer Ito examine adolescents' problem solving 
skills^ particularly th^ir skills involving science processes, has X 
just bje^n to be examined; Thefuse of a migro-computer to not only 
present information but to gather data presents a unique feature 
available to science education researcheirs . In this exp^riemeivt > 
adolescent students' u^e of estimation in solving. a problem present- 
ed on g micro-computer is examined. Three Jevels of increasing 
difficulty, ea6h conti^ining ten problenis^ are presented; Tfte times , 
and number of estimations to connect criteria at'e recordied. The 
average tipie* pet:: estimation per.; prol?lem is used as measure of, the ^ 
process aptitude^. Learning strategies are examined, and lea'rning 

curves are* described . - 

' / ■ . ^ 

- Rationale for the Study " ^ 

Use of micro-computers in jprovidlng knowledge has initially been 
studied; however, the uge of micro-computers \o assist in the develop- 
ment of science "processes presi^ntg-.a new ^and challenging field. In 
this experiment, the procesai^ of estimation as de.fined bj^ the Associa- 



tion for the Advancement of Science was i^fed^ The . import ^nce^rp^t^i^^ 
on prob-lem representation, i,n^ particular f|jjpil^atiat a^^^ 

aspects of display, is pertinent to the present study of learning 



. estimation skills. Further, Rowe has digcussed general approaches 
1:Qjwrt^blem solving in science processes under the rubric of fate' 
control^yThls refer* to a person's sense that he or she can to some 
extent '^[nfluence the d:|rection of their own Nies tiny .\ It is the ques- 
>^tiort of fate i:ont;.rol versus fatalism, Rowe refers to two metaphorical 
examples of the N points .that ar€ fate-control modeled. First is the 
crapshooter/ who^can be characteri2^ed as not being a very strate^^c 
' or t^anned problem solver, in contrast to a bowler, who is an abtlve.^ 
•sy^ematicj and persistent information procesfsor. Using these 




«meiitr^ ^il^rliiLfiirroatlQ^ and strategies » . the ex'perl- 

t dealgmd attempted tojineaaure strategies students used in 
Imatiort^^nd to find out if the amount; of information:, presented to 
f tudent]|i'4ncreased or decreased their ability to ,yse. strategies 
eir abjtijilty to solve problems in a reasonable length of time. 
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[atlon used for studying adolescents* estimation skills 

QCi^flttl^B^ involved a vertical line appearing on the right 

•stqfe^TO, wit;h an **0** representating k 

^ all^^jttnd^a p a dface ht to the _llne The numbers 0 tind 100 

appe^^t^il^ the '^i^iand the bottom of the line. Students were inform- 
ed tlxaC\theyV^rfe re' i^^^ the height of theAballoon on 'the wa,ll. 
As studertts.^ ^l^tim^^ti^ons were entered on 6he computer^ an drrow with 
a tr^i^jap^^l^^^^ aj^vthe left of the screen, moved to right, - 
stickit^;-^^^^ at tie height of the Estimation, in the low- - 
est leuel^f^Jf,^^^ Level I> the estimated value appeared on the 
left wlt^fr^S\^M^ that value and the dart on the wall. 
The seco\td\^?M,^ of . difficulty showed the value but no dashed line. 
Level III;'"^^^ dt?^|lcul,t, showed fnly a dart on the right with 
neither the^^Sr^fed lin^^^ value on the left. As students set 
about hittlnM^^^ were recorded on the" time' taken ^ to 
make each est^imV^^ and thjs value of the estimation. From these 
data, the numbl^^f estima(,C||3 per problem, average time per estimate 
•per problem we ^Kf<;pnipu ted ^^^^ the strategy of approaeh was inferred. 
The strategy c^)^.« be "^fiifer observing whether students used 
infonnation^trail*^^ probl^ whether they treated 
each individualy^^ a^ unique. Three strategies were • 
hypothesized: . Wii^^ *'ladden^*appraach hypothesized that students * 
would approach^^B^;\t:orrec,t 3m.ution from either a low estimation 
or a high estlrSat?l*raji, The Seto^nd hypothesized that s^tudents would ' 
bracket the re^^*t^'|Hyv^ ^^^ji?^ ^oi'^,Jf then'hig):i, until the 
estimation was corrpcily ma^ . itHe thitd involved no use of infor- 
mation and random approaches^ TiPie first two would correspond to a 
bgwling technique; the third would corr^^pond to a crapshooter tech- 
nique. In addition, if students were learning froni the.use of micro- 
computers, it could be hypothesized that the times for estimati^on 
would decrease as students learned how to estimate quickly and that 
these times would continue to. improve throughout the levels until 
the increasing difficulty of the problem would interfere with the 
learning process. ^ , ' _ * 



Instruments |nd Data ^ ^ . • ' 

All data was gathered on the Apple micro-cohiputer^ although two other; 
micro- computers were ,u^ed -^-r the PET and the Radio Shack TRS-80 r- 
and no qualitative differences could be found. Data were gathered on 

ten ' adolescent .students i^anging In agc '^trom 12 through 14. Wide 



academic abllltltii w*Tre noted as well «i wide SE8 settlnga were npted, 
as the students :Q<Mne from a Lar$e suburban Junior high school near 
Detroit, Michigan. Over 230 units of Information were gathered repre- 
senting more than 1,000 individual trials. .Thus, though- a spiall 
number of Students participated, sufficient problems generated (10), 
levele (3), and observations (l ,000) encouraged analysis by techni- 
ques other than single subject research design. T^he analysis tech- 
niques used were Nth order regression, efnalysia of variance^ and 
matched pair analysia of variance. °^ bov\^ interest to 

note that analysis was" darrted, out on^Ke micro-computer uslng^ pro- 
grams adapted from BIO-MED and. MIQAS routines. 

R eswl^ts and (Conclusions . 

Nth ordeij-^ regressions were used to^lt ef^best estimate to ^he ^ 
average time shown for each problem for the tfin aitudents. A third 
order regression'bes t characterized the data for Level I and Level 
II. The correlattonB proved significant and for Level, I were '■ •926; 
for Level II a correlation coefficient of -.884; and. for Level III 
a nonsignificant correlation . In Level I, the least squares regres- 
sion fit indicated th^t estimation started with long times, slowly 
shortened, and then li&V^led off, going from nine -seconds to thrke 
seconds average estimation times. Secohd level followed the siae 
pattern, going from seconds to 2.5 seconds'. For Level III, ^ 
significant difference could be found and wide variations occurred 
between problems, with an average time of 4 seconds. So, within 
the first two levels of DART (the name of the simulation game) , 
estimation tiihe did appear to improve across problem^ ; but at the 
third level there did not seem to b^ this practice effect, and, 
indeed, the increase in average estimation time at the end of ^he 
experiment going from 3 secondi^'^Jji^^^^^ ^seconds to 4 seconds 'indicates 
that the lack of information for Level.>^tII may have prevented students 
from improving their estimation skill. 

While all three strategies hypothes*ized in the design of this study 
were observed, the ability of students to quickly and accurately .v. , 
estimate the position of the balloon on the wall prevented careful ^ 
interpretation of th^^ ^JLrategies s.tudents used in problem solving. 
It shoujxl be left for further .groups, of children, perhaps at younger 
ages in elementary school, to determine i£ these strategies are more 
identifiable and build up over longer periods of time. The conclu- 
sions of the research indicate thafe a micro-computer may ^je used 
to analyze students* approaches to estimation, and indeed may prpve 
a powerful tool for assisting them in developing skills in linear 
estimation of distance. Further information is needed,' howeVer, tp 
find if the micro-computer may also be used as^atool for other 
science processes ar\d if age differences can be measured using this 
new and powerful research and instructional tool. ^^\^ 
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THp RELATIONSHIP OF SERIATION BEHAVIOR TO ACHIEVEMENT IN 
READING READINESS , READING AND MATHEM^tCS 
OF FIRST GRADE CHILDREN ' • 



Michael J. Padllla 

University of Georgia 
Athena, GA 30602 



Serlatlon pxetclses appear to have found a home in early childhood 
science curriculum as evidenced by the Inclusion of such activities 
in programs such as the Science Curriculum Improvement Study and the 
Modular Activities Program in Sctence. Yet with t"he rece\it ^ttong 
emphasis, on reading and mathematics Instruction, many primary teachers 
find it difficult to find time for such ''science'^ since they view it 
as not related to their prime goal, i,e,, teaching reading and math 
skills. If a relationship between what is taught in science and 
achievement in math and reading can be shovm to be causal to some 
degree, bhen finding time for science will be'much less a problem ^ 
The present study takes tl\e' first step in this effort by looking 
for a relationship between reading readiness, reading and math achieve 
men t, and sferiat^ion achievement. ^ 



Design and Procedures ' ^ 

One hundred and twenty first grad^ children were pretested using a 
stick serlatlon task and classified as stage I, II, or III serlators. 
Twenty-four from each stage were randomly selecjted and eight of these 
were randomly assigned to each of three small gfroup serlatlon treat- 
ments; Treatments 1 ^nd 2 taught groups of four children different 
strategies for seriating noifvisual objects. Treatment 3 was a placebo 
group that worked only with the materials. Treatment occurred in . 
four 15 minute sessions over a twp week period. Serlatlon results 
due to treatment and st^ge are reported in Padllla and Ollila (1979) . 
and will not be reported in this paper. Only the reldtlonship of 
'Serlatlon ability to achievement is cohsidered here. 
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Dat a ColleQtlon ^ 



Four *erlation tasks were given as an Invnedlate postteat in February. 
The exact same ta*ks wete given. In May as ^ ret;entlon test. The. 
Qaaadian Reading RAadineas IfiflJL was a<6hinistered the previous Septem- 
ber and the Stanford Achievement Xfiat - frimery l^BflttflCy (with total 
battery score and auditory, readings and mathematics subtests) was 
given the following May. Reliabilities of the achievement measures 
vary from .83 to. .90^ while in^errater reliabilities were ,95 for 
the serlatlon scores. 



4aalyj,l3 ___ .v 

The 9 pre, post and retention seriatibn task scores were Intercorre- 
lated with the reading readiness aqd four achievement scores for 
all 72 students regardless of treatment using Pearso^/s i*. Of the 
45 correlations obtained in this%rtanner, 34 proved to be significant. 
The reading readiness score correlated significantly (p <( .05) with 
the pr6, post and retention stick seriatlon scores (Range * ,27 to 
.33), The achievement total battery score correlated significantly 
(p < ,05) with ei*ght: of nine of the seriatlon scores (Range " ; 26 
to ,48). On the achievement subtests the highest inter-correlations 
occurred with the niathematics result'ia (Range ^ ^ 30 to .56). 

When the seriat ion-achievement correlations for each treatment group 
were examined separatediy, those for treatments 2- and 3 showed many 
high correlations (for^2 37 of 45 correlations were significant, for 
T3 30 of 45 were significant), 'ITeatment 1 scores did 4iot correlate 
well with achievement measures, however (for Tj^ 2 of 45 were signi- 
ficant). Much of this difference q^n be attributed to the spuriously^ 
high seriatlon results that appeared to be caused by rote understand- 
ing of seriatlon in .this group. However, this result confuses the 
relationship between achievement and seriatlon somewhat. 



Conclusions 

r(iere appears to be a correlation between seriatlon task scores and 
achievement in the more traditional first grade subjects of reading 
and math. While' the administratlor) of treatments in this study tends 
to cloud the relationship, the correlations across all treatments 
and for the placebo (T^) treatment indicq^te a strong link between 
the two sets of tasks. It might-be overoptimis tic to expect that 
reading and math achievement differences could be attributable to 
a treatment administered in tour 15 minute sessions some three 
months distant' from th<j posttest. It is not too optimistic to 
hypothesize that reading and math achievement differences might 
occur with a treatment extended over a ^longer period of time, 
however. As Waller (1977) states . . . reading re^quires compe- 
tence' in seiriaiion , in that the order of lectors, wbrds and , 
sentences is Important to comprehension of a written .passage. 
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"future cftsearch should nasass the cauaal relatlonahlp butwaen. 
training an4 jpracttce on aerlatlon tasks arid Improvamant Df reading 
and nrathamatlcs skills among young cKlldran, 
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Most professional science educators advocate that elementary 
school iscience should be taught by using **ln<fuixy',orlen ted" 
techniques, in which textbpoks and factual content in tavor of- 
giving childret^Y first-hand experience with inantpulatlve materials 
and scientific inquiry. Many elementary school tnadhers, how- 
ever, seem^to have difficulty in teacKing this way, and attempts 
to implement the *'n'ew" science programs have often been di^a'p- 
pointing (Ost, 1976; Weiss, 1978; Fitch and Fisher; 1979). 

■' ' ^ * " _ ' 

Although the fact that the new curricula have been difficult 

to implemen{: is now fairly well documented, the causes of that 
difficulty are less well established. In. particular, informa- 
tion available from science education research describing what 
actually happens whc^n elementary school teachers teach science 
lessons is limited in quantity and In quality. 

This study was, therefore, designed with the following objectives : 

1) to design and use an observation system that provides 
detailed information* about events during elementary 
school science lessons ; and , 

2) to evaluate the success of the teaching strategies 
use4 in the observed lyessons. 

The study was naturalistic in design. An observation system was 
developed that provided detailed descriptions of elementary school 
science classes. A single observer described 57 elementary school 
[science lessons as they were taught by regular classroom teachers. 
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Alt of the 22 necond, third, fourth, and fifth grade teachers who. 
tAught s£t4?nQe in: a smiLll suburbaa school diatrict were observed,' 
Some of the teachers used Science Cruriculutn ImDroveroent (SCIS) 
materials.' Others relied on textbooks and a variety of locally 
produced matei:ials\ ^ The success of each lesson was evaluated 
by Slfl^ns of three different short- term outcome ,m«a^ures: The 
teacher and th^ observer each rated the success of the lesson, 
and the average proportion of students off task during the 
lesson was calculat;ed. as a behavioral indicator of the success 
of the lesson * 

. • • • < • ■ L 

The results of the study emphaaized the importance of the 
limitations under whiph elementary school teachers must operate. 
The teachers were typical of many elementary school teachers in 
that they had very limited time tp prepare for teaching science 
lessons, and in t^at their knowledge of sci^^nce content and pro- 
cesses was also quite' limit'^ 

Under these conditions, the teacliers preferred methods andl^ 
materials that: 

1) did not; demand ^cessive preparation time; 
^ 2) simplified the task of classroom management; and, 

^) were not likely to place unexpected demands on 
the teacher's knowledge of science. 

When they attempted to us^ methods or 'materials that did not meet, 
these conditions,,' the lessons- they taught tended to be less suc- 
cessful. ' -r ■ *^ . 

The significance of this study li|s in two areas.- First, the ob- 
ser'\/at ional techniques developed for this study can be used for 
the analysis of classroom teaching in science. Second, the results 
raise serious questions* about the practicality of the methods a^d 
practices conimoaly recommended by science educators. For example, 
lessons involving *'inqift.ry-oriented** discussions and manipulative 
science materials are often difficult to teach, demanding time and 
knowledge that exceeds that of many elementaVy school teachers. 
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Obiectives and H^ttonale , . . 

Objectives were to^ determine for class time secondary science 

instructional activities: ^ * 

.!)• the extent of use of g^chool ground; 

2) the factors effecting this use; andT" 

3) the critical factors limiting this use- 

The extent and nature of factors effecting use of the school ground 
must be determined in order for educators who Intend to increase 
the utilizatlpn of this instructional r Aoutb^e^ to have a factual 
basis to enhance positive factdjrs and minimize negative factors. - ' 



Methodolog;y jind Design 

4^ 1) A fully piloted survey Irrstrumet^t Has devejLoped to 

determine factors effecting use of the school grounds 
for class time science ins tructlonal activities, 

2) Data were collected s^t a secondary science teacher 
inservlce..meettng'*of a large public school system. 

3) Data wete anlyzed, classified, and summarized. 



Instruments ahd'^Data ' : 

Respondents considered only school ground science instructional 
activities, occuring) dutlng class time. • - 

c> . .. '* 
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Part A of the Instrument Included popiflation and' frequency of use 
data. Purt B utilized a Llkart-type scale in which 21 factora 
were Independent ly~~r>pt:ed as tQ the extent each effected the use 
of the school grounds for class time jiclence instructional acti- 
vities. In Part C the respondents cited and brief ly^discussed 
tha major critical factors limiting use of the school g?bunds for 
class time science instructional activities. Di^ta were collected* 
separately by grade level taught\ ' Mean ratings and standard de- 
viations were calculated for each factor with iadlvldual "grade 
level and composite data. 



Results and Conclusions 

Only the rifsuljip from xompds^De data are reported here. Similar 

general findings resulted from, analysis of the specific grade 
level data, but curricular and developmental differences were 
reflected. j 

The following frequencies of use of school grounds for class 
time science instructional activities werev reported: 

Fre qu ency / jSemester % Frec^ u ency^^Re jpq j/Cln^ 

^ , • 0-1 53-5 
2-4 ' 30.8 

5-8 , . 11.0 

9-11 - 2.3 ^ 

>11 2.3 

. - ^ r ^ • ' . 

.It is evident that thffre is ihf reqvipnt use of the school grounds 
for c4ass time science instructional activities. 

s Based on analysis of means and standard deviations, the factors ' 
were ranked- in decreasing order of encouragement for school ground 
class tirtje science ii>structional actiyities. 

Four factors were fofind^to be in trie "strongly .encouraging" range: 
student preference , teacher' s backp:round |cr^owledr.e . ^eacher ' s per - 
sonal preference . and teacher gon^ldeace . These factors related 
to human motivation, indicating considerable interest by both 
teachers aid students in the use of the school grou for cla^s 
time science Instructional activities, , ' 

Five f^'ctotrs werfe rated in the ''slightly enCojaraging to neutral*' 
range: Weather / climate , preparation / preplanning , administration 
^olicy ^ school site , and curriculum restrictions - Another set of 
five factors were rated in the "neutral to slightly discouraging*' 
^ range: materials/ supplies > parent ' s concern^, ythet teachers^ ' . 
reactions , alUrfi:ies/medicar Bi^gbj^mg, and ggcurUy ^ Ttiese two 
sets include many factors often surmized to be discouraging, but 
were found in this strudv to be trelat Ivelv neutral^ - • . 
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♦•pur factors w«re found In the "moderately dla<^ouraglng** range: 
aafety conaldy rat Ions , apace o^onf llcta with phyalcal education 
clasaea ^ length o£ cLaas tinve > and liabllit/y ,tff teja^er . iTThe 
last set of tactora Was rated ''strongly discouraging"! student 
discipline , maturity of . students » and class size . 

The "moderately discouraging" mi •'strongly discouraging" factors 
were sufficiently severe in their. effects to overcome the "encour- 
aging" factors and rfenulted in the low frequencies df^isereportedp 
Student discipline and class sizq were also the major critical 
factors limiting cl^ss time use of school ground cited In Part C- 
These two^ factors should serve as areas of focus for educators 
concerned with strategies to enhance th^. utilization of school 
ground resources for science instruction. 
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In this study the qral statements'" of four randomly seleet^d 
groups of children Involved in two science actlvltes were 
examined ^pr conceptual growtlj. ' The treatment groups'' consisted 
of two groups, 15 subjects each. A fifth randomly selected 
group functioned as tl« control group. Two methods of instruc- 
tion, referred to as treatments in thiir study, were used* . * 

.la Treatment. I (laves tigationrcolloquium method) two of the * 
groups of fifth grade children worked together matilpulating 
conceptually provocative, concrete science materials. The 
subjects discussed .their observations and the meaning of their 
observations with .each other and with the instructor who direct* 
ed the discussion according to the Lans^own method.' In Treat- 
ment II .(investlg^itlon-npndt rected dtsc^^ Other 
two experimental groups of childrjan Manipulated the Identical 
science materials as used in 'Rreatment I»^ Studentiy in Treatment 
I destribed their observations in a discussion In which the 
Instructor ' s^, role was nondirective and passive, A fifth group, 
^the control grpup, was exposed to the two science units, and 
the classroom teacher, in place of the instructor^, was present 
during the discussion period,. The teather funtrtioned in a pas- 
-S'ive" and nondirective ihanner as generally • suggested by the 
Elementary Sc^;Lence Stud/ teacher's manual. All students tak- ^ 
i^g part in the study were examined for conceptual growth by 
a classification of their oral statements according to criteria 
established by Lansdqwn ( 1971 ) , To insure the accuracy and 
fidelity, of each student's oraT statements for classification, 
recordings of thje discussion were made on magnetic tape. 

■ * . / . . 

The members of the classes in the study were tested to determine 
their intelligence quotient through the ^.u^e of the Otls-Lennon ^ . 
Mental Ability Test , No significant* difference In mean intelli- 
gence quotients was found, between the test classes* , No signi- 
ficant differences existed between treatment groups^ nor was the 
control group's mean I.Q. Significantly different from the others 
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A protocol defined the functions followed by the instructor and 
stated the type^and quantity of materials to be used in each of ^ 
the five sessions of ^ach unit. Eight judges were trained to 
use a scoring scheme to classify the subjects' statements based 
on the Ldnsdown schema. Over 700 s tatepients wore categorized 
involving more than 5000 Judges' decisions. The statements were 
first sorted according td Vygotsky levels where only two levels 
• Comp^lex^ and Pi^econcept, were involved. The judges also analyzed 
- each comnxunipa tion for Lansdfown characteristics > that Is, Compar- 
ed statements, Analogies, Ekternal Generalized , and Hidden Gen- 
eralized statements. < • 

Whei\ the treatments, investigation-colloquium, Investigation- ' 
nondlrectlv^ discussion, and control were compared,- the results 
were s^ighif^can The children involved ' in th^ dtscovery- ~ 
colloquium /treatment uttered 458 statements; those involved In 
the discov^ry-nondirec tive appj-oach spoke, 191 statements and 
\ the 15 sub/ject control group stated 120 rstatement s . ' Of these 

V , dtatemeniy ,^^.0. 1 percent of the Treatment I sub Jec ts /discovery- 
co.Hoquiurh) Statements were at Vygotsky *s higher level - Precon- 
cert statements; 17.8 percent of the Treatment II (discovery- 
nondirective approach) were at this level and 14.2 of the con-' 
t rol 'group statements were fudged to be preconcept . 

When the expected growth in thinking represented in thfe increased 
use of preconcept statements did not occur in the sequeptially 
developed lessons, it was suggested that- more time be given to 
this pl\ase. This conclusion may in part be supported by the 
fact that judges assigned twice 'as many statements to the pre- 
concept category in the second half of discussions. Complex 
statements were classified aqcording to Lansdowrt characteristics 
associated with complex statements, suclj as ccfoiparisons , and 
external gea^r^ilizations . The- preconcept ' g^!ta):enie'nts were often 
also classified as analogies , hidden generalisations, and models. 
More model statements were classified as preconcept than as 
complex statements suggesting models (explanations) were mor6 - 
often a higher order of thinking. 

-The Implications for education are two-fold: 
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1) Investigation discovery lessons should be fbnoweH 
by a structured discussion in which each . child is 
encouciaged to' state his/h^r observations ^n<# proce^- * 
dures and teachers should raise Conflicting 9bser- 
vat'lons. Appropriate s-^ience. vocabulary should..be' 
used where children already understand the phenom.ena 
and, finally',^ chj[.ldren should be encouraged ' to. exf)lain 
why the results of their Investigation occurred the 
way t^ey did » ^ . . . 



2) y Lansdownhas^ provided a formative evaluation procedure 
which neeVls to be studied i'\ futu re "research to test 
and defitid more stringently the categories of evaluation 

\ . .» 
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The purpose of this study was. to characterize the*^ diversity 
and range in the elementary grades* of children's concepts 
about time. The investigation wa^s undertaken to determine 
whether children's concepts about time shpuld be considered 
a potential "barrier" to frhelr, ability to grasp Vthe meaning of 
time as used in scientific explanations . 

Thirty- two children, eight per grade level from grades *K, 2, 
4, anB 6 were interviewed In response to a series of time- 
concept' tasks. The first set, Piagetian In design, required • 
children to apply an understanding of time to an observed pair 
of motions (two metal bjalls cfescendin^ at different speeds). 
Children were asked\ "Did they start at the same time? Did 
t'hey stop at the same time? Did pne move for more time than^ '\ 
the other? If the opposite end were lifted, would brie ball 
return to the start befdre the other?" The^children also made 
diagrams "Of relative pos'ition at regular intervals of time. 
These diagrams were separated, shuffled and used to reconstruct 
the motions as a series of posi tions . * ^ 

■ ^ 

In the second set of t^sks the children commented cm the appro- 
priateness of several serte? o^ sounds and sights for time mea- 
surement: Tape recorded dog barks, frog. peeps, phone rings and 
popcorn as well as burning candles and penddlum motion * Child- 
ren ate a pair of .peanuts , timing the first with telephone 
rings and the second with b^usy signals. Children also respond- 
ed to questions about the passing of time when no clocks are 
available and offered examples— of events whLch take seconds, 
minutes, weeks, years, and many yea^rs to happen. • \ ^ 

Analysis of the transcribed interviews revealed that chlldrdin in 
kindergarten and grade twQ tended to equate more tlme^/lth tnore 
distance, speed or effort. Not until! the fourth grade interviews 
were any subjects encountered who could apply the principle ^ • 
^of time conservation as a logical predictor of "return ti.me" 
when tje motion of the two balls' was^reversed . ' • 
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Retponses to questions about the passing of time an4 its 
measurement with either a series of sounds or divisions of a 

"corTt Inublj reveale^J 8~6ifM ol the principle 

of equal intervals as eiirly as second grade. Many ^cMTdrejci 
were categorized as ''clock-bound" as holding the nption 

-tjthat time exists as something real and absolute^ that its dis- 
covery was accomplished b/" the people who first "found out" 
that time goes by In seconds ^ minutes^ etc. and that these 
units are related to each other in a predictable fashion. 

Several children grasped t^ie relational principle of time mea- 
surement; They were comfortable ^peaking of derations as the 
number of reference events an a<51fivlty took, ranking series of 
physical events ds good or bad for time measurement, and deriv- * 
It^g B st^^iirdnuu^^ ~:r- 
sequences . The successes and frustrations the children hadi ^ 
with these activities Indicated a very elemental association 
between time and number, particularly counting- 

The responses to the \two sets of activities revealed th^t the 
meanings children ascribed to time ^ and the^ undeXstandingf they | 
had of its use varied greatly. ^£ven individuals held several 
seemingly incompatible notions about time simultaneously; yet 
,some of these notions we're as sophisticated as any expected fromj 
adults. ■ " ' 

The many levels of understanding and .novel meanings described 
In this paper suggest: 

1) a high potential for the assimilation of scientific 
time concepts by many elemeTd^^ty s-tudents; 

It 

2) an equally high potential for confusion when scienti- 
fic time concepts are introduced in the absence of 

^ relevant prior understanding; and, 

3) a high risk tjjjet children uninitiated to concepts of 
time In science '^wl 11 elaborate their own impressiqns 
of time towards conclusions in conflict with efforts 
to grasp scientific explanations. 
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THfi EFFECTS OF DIAGNOSTIC PRESCRIPTIVE Itwjj|uCTION 

ON SCIENCE ACHIEVEMENT: A META-ANAlHiS 



P, Ann MilUr 
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In recent years, the effftc^ of diagnostic prescriptive (remedial) 
instruction on learning ^ftas been the focus of many stu^dies. The 
purpose ot this paper' is, to review and analyse the results of > 
experimental studies based on diagnostic brescriptive instrxuction 
as it effects science achievement. The rilatively new statis- 
tistical analysis procedure of meta-analysis lends Itself well 
to this task. ' v . 

Meta-analysis techniques are used for condensing and synthesizing 
the results of a multiple s€;t of empirical studies into an intet%^ 
pretable form. These procedures are quickly gaining favor a^s a 1 
means of making sense of 'the varied results usually present when 
one examines numerous studies ot\ a single topic . Meta-analysis 
techniques are used to calculate a statistic referred to as "ef- 
fect size.''* This value is basdd upon the gtoup means and stand- 
ard deviations from results of individual studies ; 



Data Collecti on 

A^An ERIC search identified a body of studies on diagnostic pre- 
.scriptive instruction and science achievement wjirich examined a 
total of 30 dependent variables. Subjects used in the combined 
studies numbered over 500 college, high an(^ middle scfiool stu- 
dents. • ' ' - 



Procedure 



Means for treatment groups were established and standard deviations 
determined for each study from th^ reported data. From this infoi*- 
mation , ^ an Vef feet size'* was calculated on each dependent variable. 

' •...•■» J 
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Data were organised by categorizing all treatments into one of 
three- typea: 



1) 

2) 
3) 



Control, no* diagnosis and no prescription; 
Treatment "I, diagnosis artd nb prescription; and, 
treatment II, didgnosif and prescription or 
remediation. 



This yl^ld^d a total 21 Treatment I and 32 Treatment II effect 
sizes. A mean effect size was t:hen calculated for eacU treatment. 



Results of Data Analysis 

Based on th^ 30 different measures of achievement and att;itude 
the mean effect sizes for each category, were: .50 for the Treat- 
ment I and .54 for the Treatment II. 

Conclusions 



The results of meta-analysis indicate that diagnpattc prescriptive 
instruction significantly and positively Influences science achieve- 
ment. But, there ia^ no clear indication from the body of research 
,that the use of prescription or remediation in addition to diagno- 
sis brings about a significant increase in achievement which is 
worth the additional effort. , 

An examination of sub-grolif) of the studies did reveal that pro- 
, longed participation in remediation treatment increased the effect 
size of this treatment type* 
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A META-ANALYSIS OF THE RELATIONSHIP BETWEEN SCIENCE 
'TWa^TUDES AMD ACHIEVEMENT IN SECONDARY SCHOOL SCIENCE 



Victor L. Willson 

Texaa A ft M _Uai«eralty_ _ ' 

College Station, TX 77843 

»■ (' 

Secondary science education is In the position of knpwning more 
than It con tell the area of attitudlnal relation to ^achleve- 
ment. A large body of literature has accuradlated In the area, 
often the byproduct of valHLdation of .new measures of science . 
attitude. Reviews op science attitude have been writ ten (Atken • 
and Aiken, 1969; Fraser, 197 7 ) but no systematic study of the 
attitude-achi^evement relationship made. This' paper reports 
results of a formal statistical review of attitude-achievement 

correlations in secondary science. * » 

\ " ♦ 

Glass' (1977) has proposed a statistical model for the review of - " 
research results , which he terms .meta-iinalysis . In meta-analysis 
the dependent variable is the individual statistic reported for 
a st;udy in the area. For this study it Is the individual coxrela- , 
tion coefficient ^or coefficients reported In science education 
articles. For each coefficient relevant Independent variables 
are coded sut^h as student gtade level(s), sex > ability leviel, 
science course currently enroll in, sample size, year of study, 
and experimental manipulation. These become independent vari- 
ables in regression analysis to determine important contributors 
to the outcome being examined. 

Uguroglu and Walberg (1979) reported a meta-anal:5%l8 of achievement 
attitude correla^tions on a sample of studies which spanned all of 
education. They were able to predict about 40% of variance in the 
magnitude of correlation. They reported grade' level was a signl- 
f J.cant predlctpr . Their stvdy Included only,a few science correla- 
tions and is not sufficiently detailed for any generallzability 
concerning science education . V 

For the current: research the domain for review is restricted to 
secondarj science- Within this domain junior and senior Jij^gh 
.levels will be examined separately as well as Jointly. The restrlc 
tlon to secondary levels is based on a logical dlstinptiont The 
relationship between attitude ac>d achievement has a different 
conceptual meaning In secondary ' science from that. in elementary. 
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Science course work^is formalized In secondary sahools and students 
Sclf-se4cct in upper grades. Inhere is no compelling reason to 
merge elementary and secondary "correlatton« ^ and the" merger might 
well disguise the t rue ^iiagnltude of effect at either level. 

The process of review h^d three parts. The fijrst was a standard 
-library search. Both ERIC and a branching search from known 
articles was utilized for thia. The second part involved coding 
eacjh study. Each correlation coefficient" reported became an 
individual unit of analysis. With each coefficient was Joined 
all relevant, reported" Independent variables in the study. ^ This 
coding was s^ubjec't to error so that a random sample was selected 
for recodtng so as to estimate coder reliability. Yhe third part 
of the review consisted of computerized statistical analysis of 
relationship betweeil the* independent variables ^ud the attitude- 
achievement correlations. This involved multiple regression, 
dl scrlmlijjant analysis, or ANO.VA, depending on 'the type of inde- 
pendent variables coded. 

The meta-analysitf^ provided a systematic review of concomitants at 
thcs secondary school level to correlation between attitude and 
achievement.' Thjpse procedures were qarried out to uncover arbas 
in- which *no res^earch has been performed and areas wh^ere resul^ts 
are unclear or contradictory. 

• 

) 
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SCIENCE MANIPULAttVES: EFFECTS ON DEVELOPMENT 
OF SPATIAL CONCEPTUAL ABiLITY 

Herbert G. Cohen 

^ Arizona State University 

Tempe, AZ 85281 



The primary purpose of this study is to investigate what effects 
*'hands-on" Science has on the development of selected spatial 
conceptual abilities assessed using Pieget ian- type measures and a 
,s,ciencfe process mfeasure.. / / . ) 

Two propositions underlie the rationale for thl6 first component. 
First Is. the notion that higher levels of spatial conceptual ab- 
ility, for example, that of projective space allows a ehlld to 
develop a better understanding of science processes . Studies 
indicate that a large proportion of elementary age children and a' 
smaller proportion, but still subpt^antial member of junior high 
age children lack* the intellectual structures (;p fully compre- 
hend spatial concepts in their environment. 

A secdnd proposition which Is that In order to gain knowledge and 
develop more highly refined spatial abilities a student must act 
on objects that is, displace, connect, combine, take apart 
and reassenrt>l^ oh jects • 6*- 

Combining these two propositions yields the notion that for a 
child to develop highe^r levels of spatial ability the child must 
have access to materials and be given the opportunity to manipu- 
late the objects. The resulting conceptual abilities, plus other 
forms of knowledge derived from manipulation of materials should 
lead to higher levels of understanding with respect to science 
process ability. 

A secondary purpose, ofthis study is to assess what effects locus^ 
of (^optrol has on the development of spatial conceptual ability . 
ft if posited that children with an internal locus of control 
will Interact with materials to a higher degree than those with 
an external locus of contrpl and that this higher degree of tn^ 
teraction will lead to a greater development of spatial conceptual 
abilities as well as a greater acquisition of science processes. 
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Td date little empirical evidence has be^n preferred In order to 
iStal^llth b»yond a do^^J^c ^hetiier or not the manipulation of- t>b- 
JectV actually facilitates the development of cognitive structure 
and a^qulsltlQti of sqience processes. •> Furthermore, conflicting 
research findings indicate that "hands-oa" science might be 
Important in some instances and appears to make no difference 
in other Instances- . 



Design and Procedures 

The experimental design is posttest dnly co|itrol group. The 
Nowlckl-Strlckland Locus of Control Measure was administered to \ 
the pupils of two fifth grade eltisses . Of thoee-sub^jeets deter- ^ 
mined to exhibit an internal locus of control^one-half were ran- 
domly assigned to the e^<;perimental/group and the remaining half 
assigned to the control group. A , similar procedure was followed 
to cftjually distribute those subjects, exhibiting ar\ external locus ^ 
of control . ^ 

The experimental group .received instruct ign using SCIIS materials i 
while the control group's instruction was designed around a text- 
book - Learning Science (Renner, 1977), Selected sections from Level 
5, Energy Sources from the SCIIS program and Level 5, Action from 
the Learning Science textbook series were used^ Instruction with 
the SCIIS materials was characterized by sStu^ent-dirtfcted lessons 
with teacher guidance with manipulation of concrete materials. 
In contrast, the textbook oriented class was teacher-directed, \ 
and the focus was on written rather than manipulative exercises. 
In both situations the instructor exhibited similar behaviors: 
verbal behaviop/included the use of divergent, higher level ques- 
tions, appropriate wait time, and the offering of alternattve 
.activities for pupils tK> pursue. 

The data from the locus of control measure, the science process 
measure and the Piagetian- type tasks were of such a nature to . 
lend themselves to ^analysis using non-parametric statistical 
procedures. ' ' . ^ 
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THE EFFECTS OF ECO-CULTURAL FACTORS IN 0?ERAtlONAL 

r 

THOUGHT mom SOME NIGERIAN ADOLESCENTS 



0. J, Ehlndero 
University of Ife 



Objectives and Rationale ^ 

Within the conceptual fr^ework of Intellectual development, 
Inhelder and Plaget (195*) and Plaget ^1971), hajve ^ropbspd ^ 
model linking Individual ' s 'intellectual development with socio- 

Acultural, experiential', neurological artd fequillbratldn factors. 
AitWough se'veriU studies have validated the influences ,of some ^ 
of these factors in# intellectual growth (Bovet, 1974; Waite, 
19^4), a great deal still has not been known about the possible 
effects of certain eco-cultural funct Ipnallsm on the development 
of operational thought among non-Uestern subjects. In fact, 
Piaget (1976) suggested that **it: is quite possible (and it is 
the Impression given by the known ethnographic literatute), 
that in numerous cultures, adult thinking does not proceed be-: 
yond the level of concrete operations and does not reach that df 
prbposltiqnal operations , elaborated between 12 arid 15 years if?^ 

' our cultures^' (p. 20t»% ^ - 

The purpose of the present study Is therefore to Invest lg|^p^,^he 
effects of certain ec6-cultural factors on operatlonal^ictHbught 
Is it possible that individual performances ou certain Eiagetian 
tasks is Influenced by certain ecological demands ^nd adaptrftlopal 
requirements placed on such individuals? 

It is hypothesized th4t individuals inhabiting ecologie^ where 
nomadism and hunting Are the dominant modes of sustenance and who 
' live In thinly populate4 areas with little or no contact with 
Western type culture, should develop perfceptual and spatial skills 
adapted to the eco-cultural demands of nomadic and hunting life 
styles. Also for individuals who live In a settled area and who 
are agriculturalists with a fairly thick^population and living In 
communities W^os contact with Western- type culture is high, the 
adaptatlonal trequirement s for nomadism and hunting will diminish 
in importance. \ 

Inherent in thJ,V hypothesis is the expectation that nomadic and 
hunting Ibfe-st^^les demand spatial skills and also that such \ 
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Indlvlduajlt p since thair environment, ^nd therefore their- 
eco-culturel demands » are relatively"^ few and almpua,- will ' 
have little need for complex and tophiat^icated intellectual 
etrategiea as symbolized by performance on certain Plagetian 
formal tasks. A coi^ollaVy to this ^r^ument Is that indl,vi-^ 
duals living. In relatively complex' ecolpg^es where social 
transmission is more, varied and complex, the need to be 
formal operational Is greater and almost imperative. Hence, 
In ea<lh of these two ecological continuum, there are likely to 
be cultural aids, buffers and ampli^fiers which mediate between 
adaptatlonal desiderata ^nd operationalism. 



Methodology and Design 



To Investrgate this hypothesis , f6uF spa tTal^^t^^^^ 
topological spatial relation^ locatlop of topological position, 
and coordinate reference system) and foiir fonnal operational 
tasks (proportionality , control of variables, contblnato^ial 
analysis^ and p^opositional logic) were administered to 80 sub- 
jects. The Ss were In the following categories: Schooled 
nomadic Fulani's, 2(X Ss; unschooled nomajdic Fulanils, 20 S$; 
schooled |8et tied agriculturalists, 20 Sp;^ unschooled settled 
afjrlcul^urallsta, 20 Ss. Their age6 ranged froin 15, to 19 years 
with ia iftean of 17.6 years. % ^ 

A 2x2 ANOVA and the Sctieff^* method j^or post-hoc comparison oS 
group means were use4 to analyze th^ data. Of Interest were the 
per^opmdnces of both groups of Ss on spatial and fonnal task whe 
analyzed separately. 

* ' ♦ 

Results and Conclusions 

The results revealed an overall significant effect (p ^ .01) 
of culture and schooling pn performance on Plagetian taslgs. The 
interdiction effect was not stgftlflcant. Is it possible ^hat 
certain .experiences provided in Western-styled schools have medl 
ating' effects to potentially offset the eco-cult.pral "and social 
constrainj;^ on intellectual development This , and the effect;s 
^of factors, (particularly the nature and possible Tol^s of the 
science program9< provided in the S^'s schools) on intellectual 
development at^ widely discussed. The possible roles of the " 
scientific comn\unity (in a rapidly developing Nlgeria> in the, 
development of formal and rational thought are discussed £n 
addition to an in-depth discussTon of implicaCions to science 
teaching and scientific literacy. 
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THE bIPPERENTlAtlON OF SPATIAL ABILITY AND ANALYTIC ABILITY 
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Syracuse^ NY 13210 



Objectives and Rationale . 

In a previous study (Dopdy, 1979.) of six related cognitive dif- 
ferences and performance An sclenc*, a sex difference was dis- 
covered which required further Investigation. Specifically, it " 
was found that whereas the prbcluct momerrt cprrelatlona^ between 
Spatial AbLlity ^nd Performance (in three units of study) were ^' 
.31, .78, and .75 for bt>ys , thi^y werq ,29,'. 50, and .27 for 
girls. These results were particularly Intriguing in View of 
the fact that no sex diffexjences In Spatial Ability or Perfor- 
mance were found. Th^se results suggest that, although no sex 
difference existed in each variable, a sex difference in the 
interdependence*(correlation) of the variables did exist. Spa- 
tial Ability was a^ significant predictor of performance for boys, 
but not for girls. ^ " 

The objectives of this followup Investigation were first to 
examlhe the dependence of Spatial Ability (SA) upon: 

1) Perceptual -Regulation; ' ' \ 

ly Cognitive Regulation; ahd, ^ 
,3) .Problem Solving. . ^ , 

Second,' to determine whether ^ sex difference exists In these 
variables, for the selected sample; and,' third, to det^irmlne 
the dependency of specific types of problem solving. upon Per^ 
cfeptual Regulatlpn, Cognitive Regulation, and Spatial Ability^ 



Sample and Measures ^ 

■ . • ^ 

As in tt|je jJrevious study, a sample, of tehth grade Regents Bio- 
logy students was selected from an urban high iilhool (30 boys, 
30 girls)* The Group Embedded Figures Test (GEFT) was admini^s- , 
terei^ to all subjects to determine Spatial Ability. Perceptual 
♦Regulation 'and Cognitive Regulation of mental imagery' were assess- 
ed by proceedings derive^ from MatalonJ s^and Tyborowska \s techni- 
ques ( Mental Imagery in the Child * Piaget , 1971) • . Problerii solving 
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was defined by performahce on a p^oblfin aet^ developed 
8(:udy; the probletna were developed to t^ie apecif ic£^tii©y ^jt^^^ft^ ./^^ 
each of four problema had almllar content but ^requlit'^jiV ^^'^^^ - 



skills for satisfactory compJLet ion, • . - ^^^^ ^'l'^^ 

Methodology and Design * ' . J; ; : ^ 

Groups of four subjects (two boys and two girls) wet^' .admlolstiprea 
the above tasks in the following order: ^ - 

1) Ptac^bo (to diminish testing effect,); . . 

• 2) Perceptual Regulation; ^ xm - , - ; 

3) Cognitive Regulation; . ^ - : , 

4) Spatial AbllltT^; and, . " , 

5) Problem Solving. 



Three experimenters ,;admtnistered the tasks; dxperlniieiltei;;^. y^^l Idrnjlnl- 
stered th6 Placebo, Perceptual Regulation and Cognitive R|lg;ulat ion 
tasks; experimenter #2 administered the Spatial Ability ..>ta1siki * Jftf 
experimenter- #3 administered the Problem Set,V Factor anaLya^p^*^ ^ 
and multiple regressipn were used in data artalysis^ \, / 

Results • 

■ " '■- ' ' v.. 

Individual differences in pi^rformance upon tht measure of Spafcial^^ 
Ability wer^e localized; while Spatial Ability score was dependeSti 
upon Perceptual Regulation for one subgroup for whom. Per t e^ t u * ...^ 
Regulation was decisive in determining Spatial Ability, Probleint^r>,/v 
Solving was not correlated with Spatial Ability to the same 
extent as with the subgroup for whom Cpgnitiye Regulation Vas ' 
decisive in determi-ning Spatial Ability . 



Conclusions ^ ^> . . 

Theae results are in keeping with the Construe tivist mt^el of , 
Intelligence as oppoaed to the Empirical model of t^elligence. 
The former empKasl:^'es the dynamic nature of knowlfedge (knowledge 
is the equilibrium between an organizing subject and a resisting 
object) whereaa the latter emphasizes the persistent 'nature of 
knowledge (knowledge is the consequence bf the subjects organizing 
truth which abides in ria-ture). The Construe tivis t * s \jnodel allows 
for j^he existence of Indivli^al differences in Perceptual Regula- 
tiprt^ without a consfequent difference in knowledge; 1 .e. an indi- ^ 
visual may exhibit a deficit In Perceptual Regulation and problem 
solving Of spatial problems is likely. The distinci tve ' character- 
istics- of these positions carry significant implications towards' 
providing .equ^l opportunity in science education for girls. 
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